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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a magnetoresistance 
effect element having extremely high sensitivity while 
maintaining a good bias point by keeping the magnetization in 
one of a pair of ferromagnetic films in a second 
ferromagnetic layer into a desired direction, and forming a 
nonmagnetic high conductive layer in contact with a first 
ferromagnetic layer on the opposite face to the film face 
where the first ferromagnetic layer is in contact with a 
nonmagnetic spacer layer. 

SOLUTION: A high conductive layer 101, free layer 102, 
spacer layer 103, first ferromagnetic layer 104, bonding film 
105, second ferromagnetic layer 106 and antiferromagnetic 
film 107 are laminated. By this constitution, especially when 
Hs on the transfer curve is small by making the free layer 
102 extremely thin, a good bias point can be obtd. by 
rendering all of Hcu, Hpin and Hin small and satisfying Hpin- 
Hin=Hcu. By using a synthetic AF structure, Hpin can be 
decreased. 
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'9 u&m&zm&titcptK £ <>— WDTuSs&atfB* 

[0 0 2 9 ]^ IMR^tfi, &ett**I<D/ctf> 
tc, ffifflBfll 1 OttttttttBtt, - ^ * Mfc ( N i F e ) 
fc^tf^Bi^/Wh (Co) £-gtfB£0«BJK*» 
6tt5C£««R£"rS. 
20 [0 03 0]J/c, iSMR^t^i, tti»tt*«Ofc«> 

[0 03 1 ] WIE»2(05ft«tt»li©«fbH»© 

S2<Z>B{«BtttttBtt. SyAFt*4C4*ia* U» 

jaSURW^O. 5nmTE(ir3. 6nmT«TT*£>£ 
C£rt*a*LA». 

30 [0 03 2] ^cH2^(»teffla-Cfe*MR*{fc* 
Sffl©fctf)tC, BUiaS?Satt{*Jl<DW^£bT, XzM 
nl-z (CtrXtt. ^ yy>)A (Ir), 
A (Ru) , O^A (Rh) , B# (P t K 
^A (Pd) StfU-'JA (Re) <fc!3fc*Wa>6«tf 
n4i»>tt< £fc— «a>5E3RiL/. ffllStbztt. 5JST*% 
H±4 0RWeiT'C*4) */B<,>;fct 
&o C #ro*SyAF*SUBTS£«» 
#JB©f»B«:fflC»-Cfeat». -€"©*»^ 3. 6 
nmTHTT, 0. 5 n mTK±<0»»K«©*Btf > 

40 B4ffll^C£*5a*LC». 3. 6nmTH±"CB±iE 
L/fc*SPt**14*}IBaf4C£3WH!i"C*0, 0. 5nm 

[0 03 3] *1t* WMR*<b**ltr*ft:*«:, huIB 
S5SSSttJiO«*4£ It, XzMnl-z (CCtX 
«, (Pt) RCJf^^^A (Pd) <t0tt48¥*> 
6iBtf ti/cd>tt < £ 4>— m<D7t$it L . fflfiStbz 4 
0/H^ti±6 5MT-%«T-C*4) 4fflC>/cC£«:^ 

50 3. enmTfelTT. 0. 5 n m Tfet±©a»IB[«©# 
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JBtf>ll&jm>*C<fc#*iMEbC». 3.' 6nmTH±T 

5 n mT«T"CttMRSC{b*W»K 'hS < &&2»^~C 

[0 0 3 4] igMR^{t**»lTSCi, *5<fc 

CCfflt^Ci, fcJ:tfftHcu*^T*/e«>CC, dfE 
*»ttft^^— iMltt. S3 (Cu) «rstj#«Ba>6a 
0, fi-o^OlRl*An . 5nmJ£Lh2. 5nmHT"C^ 

[0035] ttc muR^mmrhct, feJ:OlfE 

#IR B* * n 6 L I > * * /c ttBWB^ HKtt^ ^ 

-*ffi!rtca*rS54iB8ttf*Rcr)^l»< , fl. - ^. WE— St 

[0 0 3 6 ]*^' WE-»©B«^*M*^Mtttt 
Wfcl^TSWEIS^tti*. (Ru) *>&a 

0, H**>£<Z>R«*S0. 8nmKH. 2nmHTt* 

[0 03 7] — 1 ©»E©»«JB!r$fr* 
F«\ *»tt*IHIi*^L/"CIBB3hft:d><C< 4 *> 
-»©KfbB»B • ma*B£«rEWbB«B«:8IB 

««f6tS5**^f Ffrc*5C»X, «rEfiMbB»««HuE# 
«Btt*IHJBffl!JtcEIB3 n/c*«14JH A ifiuES*«tt» 
ffitcEK 5 *i/c&S8ttB B £ *> 6 a S -#<D5W»ttli*« 

««u^Ji*^LrssiB»ttis^3*ixat). wess* 
«t £ a a <fc 5 fcMfrowBaj s *vt a & c £ & 

[0 0 3 8 ] *»qB<D*2©«M©lB»fi!aaft*^v F 
tt, *»tt+MIB*^L't:EIB3ti*:^a< #o 
ttfbBM • »fb@SB£WE»<bB*BK«BShfc 

ffEBBW bB*B £>E8f b % B ST 4 /ctf><DJ53£®fflf 4 4 

wrsE*«ft«Jscaa**. *5<fcwwEB*«»fflaia* 
AMtcsft s /tfeo— stoma* w-r a s&Mffi 

jjBaa^y FtcfcOT. 8JEOWbB»Btt8JE#»tt* 
ffflBfMCCIBg^ ft/t&68teli A £ mESttSttBffiKG 

U r S9S»tttS* s tit: a o * mEsanttftiB 

2 0 n mKTt* 0,2 00 'Ctctett & 8JE3S 
SBttllBiOStWe^JEKJ^O. 0 2 e r er/cm' 

-So 

[0 03 9] *«M©fB30»e8©fift»fiSiSS*^9 F 



O 1SP32 0 0 0- 1 37 90 6 
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tt. ^tt*IBIB*^UrEBStifc*a< i*>— «t© 
SSfbBSB ■ aMbB*»4«rE«<bB3ltlB*c8IBSti3fd 

frE«{bB«B©«{b«:B*TS/c*©S»8BtttB<!:* 

JSaft*^ Ficttit, WfEWbB»B««WaPfiB6tt* 
IHBflJtclBBS tilc&mnm A £ WESSftttKBflRKcE 

g§n/c§s?KttBB as— »©«rattB#»**S 
^B*/M^TH»»ttts^stirao. WEKSMftttB 

10 ttJR«**2 0nmHTt*0, #>oZ, Mn,., (Ztt 
Ir, Rh, Ru, Pt % P d . Co, Ni 
fci>a< £fc lir^O, 0<x<0. 4)\ Z, Mn 
(ZBPt, Pd, N i3S»6iB«nted>a< ife 1 
«C*-*h 0- 4Sxi.O.. 7.).. g/cttZ, Cr,., 
(ZttMn, AK Pt, Pd, Cu, Au, Ag, R 
h, Ir, Ru*6iB«tifcil>a< 0<x< 
1) cyptSi< £fct>rft^l«*«**C£**»£T* 
W»«l^*^* FT**. 
[0 040] *»?8<D»4 ©»93©««»la5»*^ * F 

20 tt. #«tt*HB*^L/TEIBSn/c^j:< £fe--St© 
f&{bB#Ji • »fbBGBiWEtt<bB*Brc»BSft/c 
PE»{ bB*B©^ b^rB^FTS fcS><DS3»BteB 4 £ 

w^4E*5B«fflasj»«K- «rEefc«««ts«i«iw: 
^*«f&rsfc»©— tect^mEE^aa 
fifas»*KK:» -r £ -*re>*a; * t * b * w*r s mtus 

tmSi^v FCc*sl»T. fflE«{bB»B«8flE#«tt* 
raBfflJCD^ttB A i fllEKWMMfflOftttttB B *» 
6 a 4— »<D»«M3a*BW»6^B*^L/t: E5MBEtt» 

■^stixao, we— *fcDms«WE^^rxjicDH 

30 HJ:H»^*SBIIB«t4CitWitia»« 

fnSft*^? FT**. 
[0 04 1] a**. _hi£b/e3t 1 7}Sf&4CD®at5trE#J 

[004211 f^^^F7-f ^iat 

±EO^W©fiW«!J8»*-^' F**«bfcC£ 

F^-Y^ftiB©«?B»» ±E©*»?HoasilB!S»*^ 
9 F^WE^a^SKW^t^^^citcJ: 
40 O^fSlffftffl^t, UE58^bBSB©«{bS:Bf5E 
<D^P]CCB9 3 * W-T & c t ZftWi £ T £ <D 

T**c 

[0 04 3] $ 6«:*jeW<DBSa«lfB»»^ y FOilJft. 

ir->ji>^fttf5WK:, flEBl»ttBA£frE»aEtt 
BBtc^fL. aiWJ&J&Sfcfr ^-rWb©*f9l*9f5e(D 
^ISJ tcBS 3 * i C i «r^® <!: T * ©rft £ e 
[0 044] — ^ *»W©ffi©JKffltcS^< 

a*****, ii>a<i*>iB<o*«tt*mBi, we# 

50 »tt*HI»%/M>TEKSti/ci!>a< ifc210)»tt® 



(8) 
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<t£WT£*t;>^;t'^£, Suffix f>^<^^K«:-fe 
J»»Iq|±Ji©«HB»tt»i ttJR»(H©B4 &Ti&t$ 

«8fii«tn:ja*i«)±»o 5 1 MfamtiJi 4jrr a^JSM* 
4S*4#Hifrc*s t i znmt urns. io 

[0 04 5] SfclJ, *»*<Dffl«atRMl»»-T-», 4> 

u r sea ^ *ifcd>tt < 4 t 2 n osst*® i^tt^xf 
> / Vjv ^ 4 , fria xtv ^;u^jbbc -fe > * «« 

S»*fiJ±li ?:iiL,t fltefc-f £ tg*« , Bui E^ffiin$J 

u Ties $ *ifc5i>tt < 4 & 2 jb©«sjb4 *irr tr 
-r -5 — *t con® t % jm-r a mm&tKnmm^ **<, > 

[0 04 7] CCt, ±Kbfc3«D»»J£f^^^ 

fc^rattw««iB t v x ?tm u , «» 7 «; <!: ^mtt 

-f 4 CiKA-st, m^f ©diffusivetcflfta&Wffi l 4 
-c, ^3&4&t<fcoTfc|?Ba*S5E"C\ MR^tf© 



ftffl 2000-137906 
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[0 04 8] ±lB0/c3ffiCD^mffi^S^^C 

&*>6ttStt£\ cu, AufciafAg^ejBKn*^ 

&£t§£\ Ru, AgfcJctfAu;fc&j»*ft4*!>a< 4 

UlSjJJBCCttCu. Aik Ag, Pt, Rh, Ru, A 
L Ti, Zn, Hf, Pd, I r &£©tHR* 

[0049 ] MSjxmmmmfa±mit&&mzmm?%m 

^ ^S^f^ibtttAuCu^ PtC 
u-££, AgPt^, AuPd^, AuAg^ 

£IB«**r4C4#»*lA>. fc/cU, #NH»<DMfifi 

[0050] se»tc, ±euc3 acofiaafitnssti**^ 

■IM>^Ji*l^fif^^±»4LXS^ Ctl* 

»ffli4»L-cKBi'-ct>*» */c. 7y-»*5»<a 

»«B©WB%*H»a»S©ffl*^to'eccg: D JBfiE-T 
4C4CCcfco-C. «^ L <DdiffijsiveCcJRSL*J!WSL/, T 

■ iSBtttJBiOWBtt. #H»coBB«K:it-^(r»T»ifeft 
ffi/cn-2>o tS-p-c, ffiAffiS8Si#r4±ll»MBSttM 

4C4^T^4o lri^x44, fie*(OXtr>^;u^H 
rtt^Pi2^T--^ccJ:f3ffB^©fi£flft*5*^>^ 

[oo5i]±«o/cj;5 te*ft*M<D®^mmnmm* 

5l>&< 4«> lBC7>^ , e*lfflli4, 
^tt/14, tuI2®ttH<D i 5^^>a<4*>lfiOBa{b^@ 
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m&<D&m<Dmmmte£v : €;&m<D'j>te< £fc-#ft* 

IBK&fi&telf ft££ Ot:$j£T£raSI£#@ig-C*Sffi£ 
[0 05 2] LXIZ. 'Pte< £ fc 1 

6B&*raiS£. BuiB^ffite^BiiftrtUTies^ftfc^ 
& < t fc 2 m<D®&m £ . utaattn© ^ < t fc 
1 B omi b ft@«T & £ * «r s * t- > A 

^IttlU, «tfe©£|g©aiiJl:teJ:!^£ll©4>fc 
< £ fc-^ftWrse^JStn^*l^±®£Sb-Ci5S3 
n-CfcO, ^otglBSimtStn^rSliMiJCu. Au, 
Ag, Pt. Rh, Ru> A!, Ti. Zr. Hf. P 
d*5<fcO* I r *>6H«*l-2>*M3: < £ fc 1 gtDTt^ft^t* 

[0053] ■frmuctew zm$&mKM^\ft±mu. m 
m^mm . ^ & w® k «t a ? y -n#?f o*§£-©^m 

R«»i:0"C<0»»©*ft6-J*. K?»ffl«>g©8ilJt»«:S 

-3 < aamt5Ci?a*<oisj±-?> l C o F e ^&£c £'©C o 3h 
W&tfflfr 6 & *tt«Ji©affiM»cc*t b r fc*r$j«:«g 
IK" 4. CuT«MHMBrCB«AtfCoFe^ 
^OffrHF-HfB^^S < ft 9 -T 3\ — ^ A u Ti&H3M*-C 
«C o F e^cDtS^KRI* 5 ^^ < &9T£"S. CfttC 

Jc-jT. SifSiiltOCoKoFe^i'OCo 

j^ttimftfiaaBfcWBitttt'f-nBHi. rafctd (1 

1 1 ) t&^-RBPift 0 . 2055 — 0. 20 8 5nm©«S 

fc. ?K«IS5i5ajm^t4*S|5li:-r*. 
[0 0 5 4] 3 6CC. *fcr>AjU^©!}#t£ft-kftiaS 
±X\ *S^«il^tC J; ^,J^^F*£ftStor>JtpflJ^ t fe^^-cafe 

/U7B©ttfitMK:ll*{bU tt«ttlHBtt*Ttf*C 
i*J»*U». *fc. «&ll«&^##ftLfc£ LTfc^lg 

©tssiairc«&< . ra£^ffirtEifi]©-rfta*&i,>. 

Jg£fct>5^S«jlT-*4t£#S*lA». t©«fc5& 

iw 6ns. *»Bj©fig[siistA^[6)±JS«, c© 

J:5«t'JMWIttW©«fi!iKJ*0-Cfe»»W-C*»). Juffi 
Lfc«fc 5 tt^M©MH*d^*6ttS^tt&ai 

c c ( 1 1 1 ) BEfrS-t* jfco|gHBrtfcfct7£*S&*HHJ 
©»»BfcI*«©ro* 3 0K«rt <!:•*-£ C £**-C$ 

So c©«t^Ji^t>/^i-^©<sa«[*iiap{c«t-3T: 

[0 0 5 5] *fct*. *^©fi&tiS&8ftjUR?-U:. ± 
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2t/fcC o F e^fc£*©8B^ftAu -C u^Au 

< £ fc 1 B©?H8tt?nm£. ^ria^mtt*KHft/M, 

TffiSl^ titt&tz < £ fc 2 iBOttttS £ ft Z> * f > 

S-*t©HfiS £ ft JMf T * «»«l»aMHR^-K: fet » ^ . 
fu IB4>fc < £ fc 2 d ©S814J1© 5 % , ?f SUSBWc «fc 0 JS 
ffcfrffla«SMb*s«ttBtt fee (ill) iBieib-crfc 

0 . ii>-5d (1 11) te^-lffllStfO. 2 0 5 5 n m^± 
10 -C*&C£ftEMS£L.Tt,>*. 

[0 0 5 6] ±au/c«««HR5a*« : f K*tt»T. 
JS©d ( 1 1 1 ) W?IH««0. 2 0 55-0. 20 8 
5nm©ffiffl-C*4C£3&$»3sU^. JfSGfiBfiHc 

.«t!D.safb^*Jaib , i-*»tt»». mtsc o sfc«c 

[0 0 57 ] #»W©tt»^ » K*»tt*K*§Bt«. -t 

ai/fc**W©S5ftiS!nJ»*SRT-ftmt»fcfc©-C*4. 
■T&to^. *^©SE^f Ft*. TfflBfiSSi^-^KH 
£. WETftlfiBtfftSx— /u K»±«:TfflWI*l6»4 r i' » ^ 

20 ±iaL?£**iH©iaisiJseBa** 
^£. ijE^aarSttaaR^itciflBWiaai** » ^ 

£ft«f»£L-TC»S. 

[0 05 8 ] *«W©»S»«S©»«^ f K». TWJ 

t^4M,tM3hfc, _hBBl/fc*l&9j© 

^fia^i- y 7'ft/M/-C^fiS§n/ci±ffliMm->-^ FB 
t4*t5S^7 F£, tfllB±M»^>-Jl'FB£^ 
30 ji-fb3nfcTffiiHS@£. fitffiBTflBfiflEffi±«:^fi£3n/cSB 

^aa^ + 7 ^£ . ttKEiMBai^ + ^krw en 

fc±ffflfilS£ftW-rSIBiS^-? K£ftAfirr*C£ft!|$ 

m£b-c^s„ 

[0 05 9] *^©fiSm^.. ? FT ^■b>^'y«. ±iB 

oyt*^w©ms»(ita!©sa^^f Fftw-ra^f f^ 

a > ft WT -5 T - A £ ft JUST •& C £ ft 1#» £ 0 X C » 

flriB«AEBAffiK4:<c«^(c J: 0 <s#ft«^ii^. 
40 IB^miB^«<*A>6^^S^tC «t 0 il-^ftg^lX 
3. JdEO*fc*»W©»B»IIB!©««^» K*«*4 

F^7^^£ft*«S-r-s.c£ft«m£bros. 

[0 06 0] 

■CBIffi*#JfflL/-3-3i1liB*cBiWr5. 

(in i ©**©»« : ^ y -im©ann< b> swtc . r 7 

y -B©9Mf b j <cBB-J-e»M©Wt©»»«:-3t>t:ili 

[0 06 1 ] CCT. *^HJ©HSS©^jSgK:^C»-CgiBJ 

50 tssifc. *HJfe^flStcsSjSfi-c*^$*iigiSL/c 



(10) 2 0 0 0 - 1 3 7 9 0 6 
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[0062] m^mm^.m^c^x\t, mm^tcx u mm (a) ^^'j-im^ 1*30 (b) b? 

fcfeS^Ccc^i, 7y-JfcDMs* tm<D^:t t^fl^cfrO (Hs*J/hS<tt*)\ S/tMR^fb^ 

TCOMH^-rSCi^WWO/c. [0 06 6 ] ±%mm<D5 fe, «tCrC-f 7*iF^> Kc 

[0 0 6 3 ]fl ©WKi LTT, 4->xm^ffl1IB#CQ/-? H-TSWHtt, ««j£rt*SH£3 tir fe^gtcBBMrr * 

*CCfer>-C< SCi*s*fiTK:H»tCtt^-r< S. 1. mffiffiW(H cu ) , 2. tf>Jl*>6©»»ff (H 

14) 3&KSKft4£ffl*L'^l'a s ±< W (H in ) , 4. ^- hVf-/y*K*>6©M}!H»l* (H 

[0 0 64] m2(Dmmt l/T\ mktmxv y-JB* JKWO*T\ 4. 0^-KA-fT^a»ttl:b«W/h3 

[ 0 0 6 5 ] B7» fc IUijrj*Oft:2oOIWH*ttW-r *5£*«TCC7ft-T. 

4fc&©«&B'C*S. -rtt*>%» HHtt, ^fti6ta#>* [0 06 8] 



b. p. 


= 50X (H.mf./H.) + 5 0 (1- 


1 ) 




H 5 n i r t 


= — H|n~l~H 0 lr,±Hcu 


(1 


-2) 


H, 


= H/ r " + H„ (1-3) 






H/ r " 


= 7t' (M.*t) , r ../h (1 -3- 


" 1) 






= tt j (M,* t) „,./h ( 1 -4) 








= 2*CXI,/ h (1-5) 






C 


= ( 1 ! - I,) / (U + I. + I.) 


(1 


-5 - 



ccr, (1-1) SOb. p. ^iiiBT4^-f *<DKH^e»B'rtlfciC5CC^^T^#-f>h* s #"C 

pJtett'WT**-* :> h£l>*.*. A-f 7*#-f > h** [0 0 7 1 ] H Bh<ft tt ( 1 - 2) S"CS3n^J:5 

Cft&Offi^&ttTft*^ rWh'J- <#*fffctt> CC, 7y-BCCj«*>5SiaWO*P [Oe] -TftS, Hs 

[0 0 6 9] A>f7^^> hiiT^ 1- 40 [0 07 2 ] B9B. C*i6CD*5a»OH«R«:a"rBW8 

b, h#4 o%«:a-3/ci#ccBTv^ mx&z> 0 

hy-# + 1 0%tcft0, ^7^>F^6 0%tC [007 3 ] H d ,r "«, **MR'W HSrcD? y- 

ttofcittCB. 7^ h y-#s- 1 0%flttCC&*. htt, MR^W hfi [ ^m] "C$> 

?*SET*J:5K:. C©H#T©«St^-f7*#-f> htt -S. H Dln B, f>@^6^ y-H«:fln*>4 t*>«ia^ 

4 0-6 0°/oW ( t<, ^±3 0-5 0%^tSIi ^T£>£ 0 (Ms* t ) 7'J-»Oh->;I'© 

ftS. «n»l|iM l iI»t0fll , C**). (Ms* t ) D i n Bt* 

[0 0 7 0] H8(t IW±©-rC-f7*>JW>hffi<fc^ >JB©* * h©tT>H (^>-fe^-{ ^^AFCD^CCB 

v K<0W*«#i^©IB«t^T^^7ia , rft*. 3 0 ±T<JE>e>»CD««BIW«») otefiifiaEfbil^/lcDSr 

-ttit«W^3 < , ^(fiFa^iS^*^. iC%^ 50 [0 074] H e Ji, 7'J -BtCjPtoStiSfcSaff^* 



» 
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0, I.IJ, -fe>^^fl£ [mA] T*&£o SI ( 1 - 5 - 

[0 0 7 5] ilOti, 1 i ^ I 3 

[0 0 7 6 ] C CClftWr *W*"CB. f&i&<D/cS?>K, 

KOSSfcOi. *BR©^v Fiirit ^V7^^ 

Ta5/Ni Fe2/Co0 . 5/Cu2/CoFe2/Irf*i7/Ta5 



CU) »B2 0 00-137906 

20 

n&3 0%— 5 0%©^TX#-f>HlOiC:i*Sfi 

[0 0 7 7 ] JWTCC*ftWtc^*"C*06tiTC»4^tr> 
^ > *te 'V^AF^L/) 



10 



(*tlttnm) (1) 



±IB (1) tt, ^fcr>^Jl/^©8Wl«JS**L/ > &»* 
*eE-r*7fi#±»» <nm> «r»L-CC»S. COJt«W 

[0078] ±i£u/t <i-i)~(i-5) a©^-r 

#s, ( 1 - 5 ) a©«8H9B!rc*4. ^OSSte, ( 1 
- 5 - 1 ) S©«SS^8tJ:bC**e6*Ci3&SHBt'CftS 

[0 07 9] &Ji©JtfStfi£^&&/cafcK:, -hte«l&£> 
^fW^U^H*fP»L/, **»©tb»tfi*#»fcl>i 30 

ft*U aB-r4»©«»i=3>y^3r>^(D|!8««:ii: 

[0 08 0] CO*ffi"C*ab/c*HOJ:kiSCttt, JSfitt 40 
z-mn&tc ( 1 - 5 - 1 ) «©««#«EJ:bC <fc 0 

o tcmmmn* j: o «a* * w-c iter *> y 

[0 08 1 ] feU:©#tt«: J:0*»©J*«tS**»fc*S 
Ni Feti20//£2cm , CoFelil 3/i£2c 
m , ^-tCuB8/2Qcm , I rMn(J250 
MQcinia^/c c CCt, Ttt&OTa (£>£jU) tc 50 



■on-CBBHSKTSi b J: o x SiaWc tbffiEx 
, Site** v V'T alCO^X i>&JBWHt$9<Dte~~ 

1 0 0 juQ cmi(5Sb/c 0 Cft6©ffi*flH^SJl<Z> 
«SS»iftJ:b**a>T , < 1 - 5 > SCCcfc 0 ^S£$WH C H 

[0 0 8 2] S/c, H ln ©ffiiUm JS8Hffi©2 5 0 
eS:flll>/Co H^ntt ( 1 - 4) SicJ; 9#*fc. 

[o o 8 3 ] c<Dmffif&x\z, fcf>»«*w,***'W 
u-c + > j r / w r x # <y > hn si o J; ^ *r £ c 

[0 0 8 4 ] •te>^«S[£«r4mAib/c*fc#0C, ±E© 

a * ffl c it * u /c a a t 7, > <d *s ** a itc 

il : J:b«Wl©IR©H-*'C»6ti/c^H p 7X#-f > h 
IVR height 

0. 3 Mm 70% 
0. 5 urn 6 1 % 
0. 7 Mm 5 3% 

mi *»6to3!p4ct5K:. MR^-f hO. 3 — 0. 5//m 
-C«/<-Y7^st<-Y>hB6 1 — 7 0%T?*0, lt*±S 

[008 5 1 11 *ib«WK:fcWa/<-fT^#-Y 
*»a«)Si^-<T^#-<> H3&ST>^7*PflH (5 0% 
R/W h«««iWStCct^-Ctf 5fc«> % t~5LXi>tt% 

cn«3EttWtCliiLtf. 01 Hcao/ci^tC, A 

»&t:>»MH»i|tHpi I1 ***a«»a»H. 1( r**> 



(12) 
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[0 0 8 6] /<-{TX#-Y>HJW«:«>*J*«« 

tut. 7y-JB©«»*J»<«c44^n-fe^«Hl« 

4 B Wltf . tMStffl 1 (DftlSrClZ* as-depo (as 
-deposited: am Istc tMRS<t$ttl 1 

*5. 6%£a s - d e p o<Dtt¥#©;*C#Ste*t?ilS 



10 



Ta5/Cux/NiFel. 5/Cu2 .3/NiFe5/FeMnHAa5 (fti^nm) 



26 37 3 60^, *H!fS«p»542 25 9 1 *H 

6 8 8 6 0 5#ttir**lf4C£3&sr*4. 
[ 0 0 8 9 ] Jhfa ( 2 ) ©Bltt, *H#«F#5 4 2 2 5 20 

9 i#ccsr5< *t-> jw?m<D3mwvi>i>. to* 

JS»fl8CC«UA:Cu»*»< OTl»< CifiCA-aT:, T 
* f>CD^S StrHtf* <WCi(cJ:DMRSE 

{b*3W±*i/Tij>*. ^a*ffe«±«:cuj»*»< 
tsiW^t> mcctt^r u$ 5 /cab* *scu 

-!ircDMR^b^<D?^i> ; S:--SP^#"C# &<> 
[0 0 9 0 ] L/sSPOtttffc* *H«M=*5 4 22 59 1 30 
#tC»*3<_bK (2) 0^t*>/^Jl/^-C«, ^-^7^ 
#>f>K *jJ:c;MR^fc*<Z>iB»tt£C>5. — o(D.£ 

[0 0 9 1 ] ^T*#4>r£l»5tt£K:KI0 
Ttt* *B««fSI5 4 2 2 5 9 1 #CD?§*ffl#*Cc:^iSS 

«aia«tiBi«wa^««>^<Pi*3nrc»ttc> 0 *l 

[0 0 9 2] *r«ft«J*H« H *i Jt«W 1 ££<E0J£ 
©Office <fc «3 jlilWK»6ti&*JB©JtJtttSftfflC*"C* 40 
mLtc. *©£*©*IB©tt«!S«l4L/Ttt h Ta«l 
OOuQcmiiSSl, F eMn«250 u Qcm, N 
iFei^OyQcm, if C u te8 ^ Q c m, T 

JSC uttl 0 tiQcm£9*mmit>£*-?tcm*mi,>tc 0 
Sfc t -fe>*««M;J:4mA<fctyft:. H, .CC-^TaSBiZl! 
*ttcc>#s. *ftW#C0i§Ktc J: ^teSilt ISOe- 
2 5 0e^#6*i/c 0 J:^rccm H ln £2 0Oe 

[0 0 9 3 ] SR^iM**** r^**iHT. = 0. 5/2 
m, MRheiqht=0. 3 — 0. 5 tim(OL %<D'm&&ffl 50 
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[0 0 8 7 ] 3 SKI*. CO^t'^^^litCfeCi-CW 
ttttt (E S D : Electric Static Discharge) (Dj£#»6 

[008 8 ] «±<DC £3&»6 % tbi£#J 1 (Om\t % ffi^S 

J±)RW2 : *BWlF»5422 5 9 m (Xt*>7^JU 
x*^>-te5w v ^AFfrb) 
(2) 



-ec0igm ; £ra2 0C^ o 

[0 094 1 12 : TttCu»*«ifc»^©tt««2 

NR heiqht Cu Onm Cu 1 nm Cu 2nm 

0. 3<zm 126% 143% 156% 
0. 5um 111% 12 7% 140% 

t,>&0\ TJftCu«#^P®»^Cra* ^WFO. 3 — 
0. 5 jumr, ;V7W>F^1 1 1 %— 1 2 6% 

[009 5] B12tt. h7>^7 7 ^-^/ci 

ft. BlOTOI.^XftD* (1-5) SMcJ:!) 
*#fcHn„K:*fLT. 3!|Pl#©/h3«cH BlI CCj:o-C^ 

[0 0 9 6 ] ti±cD<t 5 tctftB* S:ffi*a/c*SS, Gum 
ey«»«:lBa©**J:5a«)5JE'C». ^^7XW> 

naw-3W*<"c&-r. T*ftccjs»«B©cu*»w*c 
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[0 0 9 7 ] <*6K. MR^b^OJBfRttit^B^ 
t>&Xi>> #i«f»»54 22 59 1 #©Ktt^fflft«C 
RittttoTOfcO. as-depoTOMR^IW 
ffiWSKBlSW^ 4 2 2 5 9 1 -SfteBBig©**<k 

tt, «*7 y-JB*JB^/£±*Cc«W©^ft£L''C M 

Ofc. chit lWSKIB»ffl©*tB*Sr»*fc«>K:tt, 

[0 0 9 8 ] HBSCC, Gu r n e l^<D^SS^J(Djji 
(±BB (2) <D«) CCfcOilKTSi. TttCuJWU * 



(13) RH200 0- 1 3 7 9 0 6 
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* nm©£#fca s - d e p oT?MR£<fc***l. 8%T> 

<t5o cntrtt. sciMRffl*si3i-ra©ccBKtcffiw 

MR£ft*«r5Vrffi«:7 y -17 1* WOU^jB****- 
tb^Fl3 : EfHPF 1 0- 26 1 20 9^ 



Ta5 /Cu 3/Tal/Ni Fe 5 /Cu2 . 5 /Oo2 . 5/FeMilO^Ta5 ( #fii linm) ( 3 ) 



1 0-2 6 1 2 0 9-^98iNBWcR|7n3nrCiS± 

ib(3> cD«r», .Ta^it7 y -nccfijs-rsc 

u^^>h®* 5 , tk®t?H2r^b/c*S!t#rF^5 42 2 

5 9 m<o£*> tcMRX<k*©^tr>7 ;i/*-aa»* 

W h 'J-^^t^Ci^gWi 0/cfc<D-C&£ o 20 
0*>0&#*6, £<D<fc5«c»SUi. (3) 5 
fC % J±g?ft7 yHB#J*t>««KfcC>Ttt+^»te 
#269rc*-y? h*C0Tt>*ffi«:7 y-Jl<D<fc& 

[0 09 9] *?\ ^V7^-f 
F02CT) (2) (D«|T?SL/fcJ:9CC 

rx^-/>hii^ir^^K ±ia (3) ©«jfi*«*rjai 

-C^-So 0*>0tt**?K ±15 (3) OR«liE"C-7 y-H 
#ffi«c & o fc i « « , 

[0 1 0 0 ] -e<DC ££/7vT/c*£>CC, ftfftecfcflsjfcitfc 40 
£ <D«JS<DBr©^ 7 * # -/ > h *« 3 OCtjsT. 

[0 1 0 1 ] «3 : Jt«W (3) ORt?©^M7^#^ 
>h 

Ni Fe 5nm NiFe 3nm 
8 6% 10 8% 
8 3% 10 4% 
8 1 % 10 0% 
CCtHiniLtti, 1 OOe±lOffi4JHC»fc. «3 

*&it. ttmm (3) ©«(K©R-ctt*fc*«>N i f 



WR height 
0. 3 urn 
0. 5am 
0. 7 urn 



ccrtrcor, gc»Kttitt^^.4c»8liS/c^ ?y- 
JIN i F eBW^3-nmi»< &5i*T*t/^77 
# -f > h *s ^ ^ 7 «J tc * - ^ - 4 C i *>*> * . 
[0 1 0 2] HI 3». *J=fc««CCfctf*^-fT^#-Y 

i?ttl$-9/c/cJ?)tC/W7X^V > F**:7 y -Jiff 

i!;q7W-/> K£fc<D"C* ±IB (3) OflKSOJ: 
9Cc«a!-fe>4r-47y-Ji«:ifi^wr, liSIW/c^ 

[0103] 3 6^, ±E (3) <Z)l«fi3Wi-*»2jS 
lOT^ilt, WaK^fcCc^sajRC^MR^fc** 
f#6ftfcO^**tf4££#"C*4. Ttttofe, (3) 
attWjtJBiOT. tk«fttiiSt6ta<£> 
«S*Wai«IBi7 y-»<DIB«:»A3nrt»ifc«), 
fiBB7y-H«:tt-ofci*K: % Gurney^rf#6 

■r*J:5a7y-ll3&«4. 5nmJ^T<0««"Ctt. 
(3) ©«j^«r«MR»W3WSTLT#TL* 

[0 1 0 4 ] «±2 >5<DffiSCCj:!K ±IB ( 3 ) <Z)«jfi 
»*< y-H*sj;k«W/»tiM«-C©»ffl"C*-3 
W7 y-Jiccfe^rttBJfi|gfflWttB«jai»a 

[0105] Jrkl5piJ4 : Xt>7 * Jl/$r-fc Ox 

Ta5/Ni Fe2 /CbFeO . 5/Cu2/CoFe2 . 5/Ru0 . 9/CoFe2/I rWn7/Ta 
5(#{i{3:nm) (4) #Jfc«W<c*sC>Ttt. 

Ltc 0 Ru (;U^^A) *^0fc2*©Sll»ttJB«, 



(14) 
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>hW±T©tr»i<OMs * t©M* s ** KD-t«->> 
- I 6 9 0 2 6 . 

[ 0 l 0 6 ] Jfc«W©»£CCtt* •> h©fcT>» 

*H31-C*S 0 W&tMaZ. lTOt'>l?:|HlDMs* 
tfflcctttx.nl*. bf>»»«IHitfn4UOC4tett 

|^tt^#ft4#*64rCl>fc. L*»L&36S6, iSlBK 

4*. ^@*»iH«»maLfco jyrtc^cDF^s*i»?9 

[01071H14B. *thlS[«CcteWS^-fTX#-r 

fc*. 

[0108] *ik«««:otir©^-/Tx#-f > hW-» 

©*g«**4K:3Vr. 

[0109]g4: Jt«W40«©lt»«C < k OW^tlfc 40 

NR heiqht Hc„ t 4»m T K.lK>i n T 

0, 3ym 8 8% 2 2% 

0. 5 Mm 8 0% 1 6% 

0. 7 am 7 3% 1 0% 

C C tH, „ i Ot 2 0 O e it> 5fflSrffll»fc B «4*> 

6, ^!K4**5tK ««*4*%&©ft#K«l/-Cfe/*-YT 

hB3 0-5 o%<z>«i*ii3H-r*ci*«-c*a 

l>C4#fc>7!p& 0 

[0 110] CCDflJjiT^** h/*-Y7**f#£*a4 50 
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-f 5r^AF«Jft"C±T©bf>IB»*^l/<, o*fje> 

cc* # tt fitr— jEtc o r x t* > ' * *fES L <fc 

[0111] "7 y-Jlox^-^iS*M!B<Dffitc 
7»J-liOt*CCt4MR»b**«3WbL, S®SIB»ffl 

[0112] JW±Ocfc^cc, ;wrxi<>f> K Wffl* 

4l>5— ^©J&*>&* v ^AFltJfi^WOS 

[0113] fcl±»JfiL/fcJ:5«:, Jt«« 

[01 141H15B, Hu2L/EiSJ:b«8«©^ fc*>;^u 
:/JB 4 *I69J CC ct S X t* > ^ * JU 7Wk<0'* ^7X^V>h 

5. cn*^ur#fc*j:b«a!«©xt:>^^ r i« , ctt 
3 0-5 0%coKH^c^-5>o tit, 
[0 115] cn^lt, Stb$5CT«, C^TtifeMs 

h (DiMm^mm^ * -s c 4 

[oii6] cncc^uT, auiKifi'r&^iHSoiitt 

Ms*tCC»Ta^-fTX#>f>KDaitt*5tt 

[01 171H15 CC*5l>T , J:b«W 1 fC|» L/"CM s * 
t^5nm T«±CD*» tt i C 4T*>IW±©^ A 7 ^ 
h^3 0%-5 O^COaSHCCtttsi-oTl^aL^, 



(15) 
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Ctitt, HI»*CttMs*t3&J5nmTiJlJ:©7y-Ja* 
JBC> 4 <fc 5 &fil*lS»«ffiCC*j(,»-C «MR ^ -f h fi* 5 * 
#»<CHir*4/c»-ca4o JM£8tyCB, #2HBr*f* 

[0 118] OTftteUTfcMs *t#5nmT«T© 

[ 0 1 1 9 ] H 1 6 «. ±aSb/ctt«« 1 ^40«Jfitc 
tel>T % 7 'J-iOMs*t /cW£/h3 < IWMR 

ffiffll<Dm<DMs*t W\ 7 y-JH©N i F eJR«*K 

■^T7 kOeC[>ffiii*r2 7 0 'CC 1 OBSMO^n-fe* 
T - - ;U & t f fc«©IS »"C ft & a 
[0121] $/c, tt«W2 £3BftW 1 , 2<D*»WB 
MJI2nm0CuiU/c o 7'J-i<DMs*tiL 

U/Co $/e, ? y-iC0Ms*t iLTtt, N i F e<D 
Ms BIT, CoFe (DM s B 1 . 8 T t L fc f^T 1 
TON i F e»#©«rC7S0;rc. 

co i 2 2 ] ^ y-jBtcarsjswfltBtwufti^Jtia 

[0123] ]S^mii ; l:WT4i:ttSW12CD^'CtiMR^ 

y -JIM s * t tt#tt**tt«tt/h3 
»tt»Cft^B«:S*&l> F eMn^fflOt l>4fc«>* 
ya^^^Stc^T^MR^b^oiSt^tS^fSi^ c 

[0 124]Jt«W2, Jt«W3©Rrtt, *C 
ui7 y-»N i F e iOBBteO. 5nm0Co^L< 
BCoFeSKArSt, 1 - 2 %H^0H*©ffiJ: D 
b^*<a«*«. Ms*tCC*fTStt#ttttN i F e» 

m<Dv')-m<Dm^t^t>h-r, evince lt*> 7 y- 

lOMs *t3W/h3t^iC%-C©MR^b*ti/J^3ttffi 

[0 12 5]—*, #»Hj|fccfc*7yHH«:ft0fciS» 
MWTi^y-ii* *ft«*#T4^«ttlR* 
fflt**i. ^n*^^tefflCC»rSMRSEfb*©illl«»tt 
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01i©MR*fb*©£rt***< ^^CiW^c 
[0126] JWTCC, ^jSqHoaaJBJSJaSJR^^^C^ 

[ o 1 2 7 ] a i ^Bj^a^iscasa^oKBs 

JEftmSR^tt- 7«;-I102i v * 

^-UB 1 0 3 ^1 ©MfcttttB 1 0 4 *£l=rSi 

i o 5i, m2om$m&m\ 06i, s^ettisi o 

10 [0 12 8] C<D«tJatC<fc9, «F6C, 7'J-I1024 
ffiflMb 0/c C <b tC <fc 4 h 7 >X 7 r - */- y±<D H 9 ifi 

3ttffi<fcUT, H p1n -H 1n = H tu £^ifT4C£Ct<*: 
0, Wtt>WT*#^>h*IS«T4C£#-C*4. 

HttffJKSf*? y -BO»^CCtt*MR^b* 
^HlMUtC< < fi»«cMRS{fc*<0ii»aM4* 

**c#4. 

[0129] rtttofe, *a?B©^tr>^^^i»«fiEK 

>h**SS3rc*4. H Pin , H 1n , H c .©-r^r*J/hS 
-cft4 D 

[oi30] H P<fl tc»L/rtt, imm 2 <omm 
•r4©««fia»K JB2©aB»ttft©2»©at»wa« 

»Dg*c<fc4fe<M£m«cD* H„ 1 ,*ft»-C*4. 
[0131] Cfttt. (1-4) ***"Cfe. fc:*>Jf © 
<Ms*t) ll4B *fi«3-fr*Ci38*Hp,„ *C 
««rC*4 £l> 5 C £*s*>*>4. 
[0 13 2] Isfrbft&h. fi7«;-I©^TX# 
> h SttWc^Cc « Hp , „ «:W ^{S» UT fe^ < ^tt 

<i-5> a, (i-5-i)sm^ 

so RKffc*t»Wr»4C4«:*S, -3>^0. INSttiK9 
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«B*SW4c<iK:J:oT> v y -B£x^--incgrr 
& ffliJCD tr > jfcD®< b# * CC WtKfcs i 5¥fTtR!B 

[0133]H o1n -H 1n = H tu *3cffibX»ra 
y-»tc«LfcW»«)BCcJ:SJBMRWfc*«W (XfcT 

-B39$« < a * « ^ h * „ »— «w«:b < a o *r 

-£n£3SflEUT, 0-2 0Oelg(DliOH in -C 
[0 134] B2B. *»|B(DXb->/^^JBCC*5l^-C 
y -B*flH>/cH s fth7>^77 ^tcfc 



(16) «M 2000-137906 
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*/c£> t H P i.-Hi„ = H. u ©^#TO±a->T:fe!K 
[0 13 5KX&C, MVTX^>f> hSr^ffi-rSSS 

jr. -rat^ H oin , H IB acjfH IM ©*^^^-*«: 

10 [0136] £t\ ffiH BH CCO(,>TBWTr*. RteBMH 

^«9©fflK:»T*fl9Ccj«*«B*RW*c 4*c J:-d 
(i-5) stKtowicottSfiiitS*. ^ffififc^ 

c [0137] 



Ta5/Cux/CoFe2/Cu2/CoFe2 . 5/Ru0.9/CoFe2/IrMn7Aa5 n m ) 



H3«. ±ibojs*c*5^'t, y v-mtet&om&x^ 
-*itts«jii<oj«a»««cu©BW«:»-r4^ y-B 

tt\ -te>x^istj4tDA^L/c. iaiga>e>*>*>*J:5 

tc, Cu©JR»S:*lttl3-i*SK^ (1-5) SOC© 

rc>< e 7y-B<tDfe±BflPJiTB«Jt©«»^i*J:b 
#«l>< a^/c^Stett, 7 y-BKJflto S«W»Wtt 
^< &Hz>x«ift**UT<>Hzn88lf£a£. 
[0 13 8] CCr, «t»llitffll8*t^SC4# 

H pln -H 1n = H cu *jfc9:ttfctf4e£KJ:^T* >W 30 

[0139] *iSa»cr)H/S*>6rS4*ai4iK»*B 
CuiOBWB, ^tScfilWH, 0. 5nm-4 
nmCD$5HF*9* 5 iaiE^4^^C4(ca^ e 7 y -BO 

H ea fc^s ^ #*a* l < as. c c^«H»tt 

iSiil^lt, Cuei« «3&><D^JRt**4, t> 40 
0<tt«Bll*fflt>S»^fcB* -T^TC uCCftSUfc 
RWT*iLSC4*iT*i. WAtf, Rul. 5nm/ 
Cu 1 nmiC»5#tttt*»«B<D»£fcra, XRfttC 
*8bfcJ:fclSln:ttRutt3 0 uQ cm, CuttlOuQc 
mftOt, Cuft»T?(l. 5nmxl0aQcm / 
3 0 uQ cm) + 1 nm= 1 . 5nmtB^OCu^54 

ragpic^citcas. 

[0140] |3«CC«3!P©AW*fflC»ft:t|*CCtt, 
M«:*8&/cJ:tffifSi L/T, Cuttl O^Qcm, RuB 
30MQcm, AuBlO^Qcm, AglilOjuQc 50 



m. Irtt20^Qcm, Rett70MQcm» Rhtt 
2 0MQcm, Pt(J40/i£3cm, Pdli4 0^Qc 
m, Al»12uDcm, OslJ3 0 (iQcmil^tt 

ttSia»*B3W^A>6a**I^K:», -e<D^iS^CD7U^ 
AC*. 

[0141] Jt««ftcHbrSWUft:J:5*c. C<Difc« 

B3& j «T*tmt***<»a4cittai»©^ mmm 
m\* c n 6 offi ^ « c » x $t&tcmxmmx # * . 

[0142] afcH^B (1-5) a-cto3&»4J:5K:, 
^ y -Bte*t ±B 4TB 4 ©«»#«J:hK:.fc -^T& 

^^o-e, ^ttS^MBittawccflaB-rax^---^ 

0JWfiF*La>. cti«f*©8ftW0>MRa<fc*^t>7 

CCB, 9-RWttl. 5nm— 2. 5nmfiR*sjfiF 

[0143] ^85ttfl5®mB(i, m»S®I^H cu 16?S4 4 
MR^fc*©^tf>^-r^^-58l**t>ft:&"fB 

^y-BW^iw-a^l*^****^, ^y-B© 

^*<as<303& J »*i/tr»«fi84aa©T?, xfxDr-v 

7\ y«>>CCtt#Lac^^-^(3!)WSB»CiK5*«Jff 
Hi B #**:ua^SK©W»ilOC4«ca* 
^^-If/1B1. 5nm— 2. 5 n mUS^Sf £ b 

[0 144]*fc, 7 y-B/IB^^t^CD^S 



(17) 
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fXD^S Affe» 1 . In mlS&O-C, N i F e 
OIR^i 1<~CB 1 nm-4. 5 n mgff 0 
<, C o F eOH^tCtt 1 nm^-3 n mgB^tfciff * 

fc7 y-Jl/53&J|8C^3£<!rMRCDfcr--^*i4iSS«i/S 

©ffSW/SKMccfcr-^on^. WAH t;>Ji#c 

oFe2. 5nm, Cu^-f^nm, 7 U -Jiff 
CoF e 2nmO»^KIt S^fflltcC u «rffll>fc« 10 

5 n mSBKctt 4 £ * KM R^b*® f-^4i40 

tsw»*it s . cu*7«;-Jitci8rs*iKttiS» 

— irjl/Bliltt, v—>>>4>^tf>"C 3 n 5 . Bnmfi 

[0 14 5]^, HMntC^^TStteH-rS- H„ 1n £ffi 
JSSltSfc^Ctt, Bsj^I. 8 TCDC o F e-C^S&Kl 20 
&f>«*JB2nmJMT (N i F e*»"C3. Bnmti 
T) v 5 6<£M£ L/ < ttHJfflWtr 1 n mfeTF ( N 

iFettJTCl. 8nmttT) ICTSC <fc#a* LA>. 
*<Db'»B<OSI*#aiOTB, S^-tef^ * * A Fflt 

jt**a» cnBm»a^«tt«i^aM 1 / 

^C#Ci/c«>. — -XHiHiOT, &&ffi@lC>Ms*t £ 
SilSttK 2 cdm s * t oi^aWft fcr>ii«H»|«cSF 

^-r^i^^n^ mis¥7 - i 6 9 0 2 

«> o 

[0 146](NAH IrMn/CoFe2/Ru0. 
9/CoFe2. 5 (WOMBnin) il^«^"C 
«HJ5ftW&tT>Wtt2. 5 nm- 2 nm= 0 . 5nm 

(ffiSURffttO. 9nmT) it^CiCCtt*. S#J« 
Scf^li/l^fia^**^, (1-4) a^tto^SJ: 

Sit? i;-jB*ttc>ca-rtctt!^®<DiiiJS , r**. 

{c3£0<tt, 5^15OegK«c»*5Ci#8*0 
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[0148] >XVC. MR&im<DM1&fefc^>xmi'r 

txtmrnKfti? mu<m 

5 n mflfiT«*tlS<2fai*X«ac»*s, 2 n mgttKC 

X. 1 n mttiMI-C* ^> C i^b^o /c„ 
^iliflill^ 0 n i ^ &C as-depo© 

MR^b^i^o-fe^jiwaaia (27 o*cx 1 ob$bb) 

<OMR»b*T«ffi»Jt"C»5 0%W>UUS^ 

0 — 3 0%<DWPte#9%~&Z £&X£Z> a 
[0149] S6tCCn/cW"Ctt*/diMR*ft*<0»3& 
<fc*Cctf6o**t*S. COJSH3& s 2oB(Dtta|-C* 

eMn^i^tl^iW ±SB<D8fc3£fb*3 0% 
CDiS^-eab^o S3£&ffl^»*4£ LX I rM 

nSflJ^THSiSfctt* 0- 1 5%©3S{b**-Cfiai 

#tCBas-depo ©MR*{b*tt«Jffi*116*E#* te 
*st?fctl rMnOas-depoOMR»t*Ofi, o 

so(U^{b*o%*ii3K-r4ci*s'r#s. chit s 

0, I rMn, PtMn, PdPtMn, RuRhMn 

[0 1501H4B. jy±oii^iur, 
*i-10°/o- +10%, AV7^^>h3 0 

%~-5 0%£SI^£fc&^'>-fe7W '^AF(Df> 

J iE«#»IILCc*5WSIIftUJ*©IB«ff 
J:0, (V1-V2)/(V1+V2) iSiT^o U 

oT, rr^ h 1 o%-~+ 1 o^j 

r (vi-V2) / (v 1 + V2) ©ffi*^ v-r^-x 

0. l«±^7^0. 1JWTJ X»*C4*c»(B'ri. 
[0 1 5 1 ] H oln -H 1n = H CM *S3W*fc*>fc:, 

6ttc> 0 o* 0 . * < 1 - 4 ) . (1-5) 

ct^tC, ^>-fe?w ^ ^AF(D±TOh*>llig ( (Ms 
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zm< uttwtitfae-r, (Ms * t > „„*:;*8«>«> 

[0 1 5 2] AttWOCtt, ^tfr^AF^JSt 
5WHtf>i0Wttm (pinl), Wc^>IBO 
Jgt^E* t m ( p i n 2 ) , #^i**WB©B»* t 
(HCL) (ttJStal 0^QcmOCuitCft|[L//c) 
iU/ci^CC % 0. 5nm^tm(pinl)-tm 
( P in2)+t (HCL)^4nm l (HC 
L) £0. Snm*m&*Z±ZZifi*mi<09m-e*> 1° 

cct, 0. 5nm^tm(pinl)-tm(p 
i n 2) + t (HCL) ^>fr^#^> h#3 0%jS 

-oSOTt/^ h 1 0%OC44IBWC*0, t 

m(pinl)-tm(pin2)+t (HCL) ^4 

[0153] CC"C t tm (p i n 1 ) - t m (p i n 
2) B\ Ms^ 1 T<DN i F e (td^M-Otc £ %<Dffi^M 
Jg-C&^K P tMn/C oF e 2/Ru 0. 9 

/CoFe2. 5<tt^«J580*»-fef*-f ^^AFflKS 20 
<Di#CCtt. (2. 5-2) xl. 8T=0. 9nmi 

MP i nflKtCDtt^tett. #lP i ngCD (Ms * t ) 
[0 15 4] Sfc, t (HCL) tt#«ttW»«l*C 

[0 15 5] *7t, t (HCL) £0. 5nmCJ, 4. 

s#fiT^*»^* J *5©"? , t (HCL) £3nma* 
V>-fe7W * 2 AFCD±Tt*>Hi5CD 
*#3nmfcLhK:ttfi£* e>JB<D»ftH»©if«fttt** 
3lWti~*<zrrN tm(pinl)-tm(pin2)S 

[0156] H4CC*5^TB, WaUfctfcKW 1 -4 

^4v^*flMtt:£4t:££ Lfco *^A 

BtWB-T ^ Xffjtc i 4 C i Cc U fc» 
[0157] HE|j&>&*>a>4 J: 9 CC, tb«««±rfi» 
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^h'j^tw **wtcj:ntf, fmiz^JTAtf 

[0 15 8] W±l»WUfc#»?B«:j:4, S/>-te?v * 
^AFtCj;5/h3a:H D *„*» /MftHctCfcoT** 
>-feJl/jr*. o*9H„ B -Hi B = H (i t*««^ 

<*SWHl> h^SFSV (NiFe/CoCFe)7U-@) 
Ta5 /Cux/Ni Fe2 /CoFeO . 5/Cu2/CoFeC2+y) /RuO . 9/CoFe2/I r 
Wh7Aa5 ( 7 - 1 ) * *\ £%ttt£K** ^ U -«<fc 

[01591H5B, *SW«©W«ffltSa»*^0* 

77IU <D±0C #WJJ{c <fc *WW<0Bf*WB 1 0 

1 , -eco±k:7 x^-if-n 103, ffim 

m^ti. 3fl8t£t*>JBl 0 4, 1 0 6^ 105^1 
r S«»ttWtcfi^ L > 1 0 6 cd * >»#jg«ate» 1 
0 7tG<t^r— *loItcH»3tiT^i. K3£«t4Jtl 0 
7(D±CC«. *t?^il 13«^6ntl^ e (7 
- 1 ) ©JftBUStt, 7U-1 1 0 23&U 10, 1 1 1 CD 

-ncD^JDS^eao. mst£«»*ni 0 i#«ic 

u *> 6tt * * -f 7'cD CD-Cab & c 
[0160] <7- 1) ©«tt. CuTttKJ:4MR<P 

•terw ->^AFK:<i;aH 01n fg«^)a^fflC^-C. MR<b 

[01611*5 /^7X#^> HtlMS* 

(a) y = 0. 5 H 1n = 2 0 Oe 
IVR heiqht x = 2 
0. 3 um 37% 
0. 5mid 3 1 % 
0. 7 ium 2 5% 

(b) y = 0. 8 H 1n = 20 Oe ' 
IVR heiqht x = 2 
0. 3nm 46% 
0. 5 fxm 40% 
0. 7 urn 3 3% 

(c) y = 0. 5 Hi„= 10 Oe 
MR heiqht X = 2 
0. 3am 42% 
0. 5 jum 3 9% 
0. 7 um 36% 
CCTTttCuJWi. 2nmib/c e 
«H*»6ttS#BOCuT»Oi»«:«H, 1 ,*52 OOe 

*4. ^-CDi^CC«-»-fe^^ 
AF©fcT>«SfcW0. Bnm-CBSjfftt^-YTXsK-YV 
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***** y = 0. 8nmiH plfl tgf«fc3^fca^ 

*5 (b) ott»-c*4. cntccfcor, «5 

iW-Cdi. 315 (a) , (b) t (c) Srtt^T^n 

tfiB^ajc^te, H,„**/h3iH«*«, /^^r^#-r 
±t f > $ ihjm s v h . , B a* 3 < a o > w 

htfc}?tt**>h3 (a) £ (b) <£>0. 3nm 

<'6t^CDMT(it^i^^^^ac^r^ y = 0-ln 
m (Ms*t = 0-1. 8nmT in NiFe)# 
»*L<, SfcKS* Ktty = 0-0. 5nm(0- 
0. 9nmT in N i F e > <D«5H**, 
-f>h£<h4>CC, fitESD»»*©tettfi±a£fc** 

[0 1 6 21 TttCu««^VrX7K-f>HHKitt> 
tc, MRCDXt*>"7 ^^^-jfflSfcflBt^triiS. TiftC 
u J*4W < TftttH c u **/h3 < tiihifi. A R s *5®i$ 
U-CL£5ta£>. CuHO. 5nm— 5nm. *K«c3S 
U<ttO. 5-3nmW*l^o MROXb , >7^;l/ 
j-aaW#6niT*C u/Pti:7 r J -BJSJStetftf? 
U 7»;-»»#»>i*K^ MR©*fcT>:M^* 
- SUS^fi 6 ti 4 T«& C u 3 I > « 5 *C 

tt7 y-Jl©IB/*©*P* s 4 nm-5 n tn<D<h £CtMR^ 

[0 16 3] (7- 1 ) ©•t^a7';-B«J!E©»^CC 
te, TftCuS^O^l. 5nm*-CttCu»ifttBCJ: 
5^t>^-f;l/*-»*tC«t4MR*Sftli, Cu/P±ttfO 
tcJ:^Rs<£^0?a^^J; ; 5i^^>'fe^L,, ARs 
ttK£A,<£9E{b&*air>. 1. 5nm-2nm*Cit AR 

1Q. 1. 5nm-3nmTO, ARs* 3 
0. 2 5Q«d>l/TO*5. ARs©fiTtt*©**W 

U A>frx^^>hL TtfcCu/5*5Jl<T£C<h*5 

fcfiTl/THSfc*. AR sOffi;TtCj:5tH^fi;T*, 

u/S£^*n^£C<btCj:-?~CAR s** 1 O^fiTUi 
**C«\ W^t«Hz>X«ift*cn* , C<Dltflt<D4mA*> 
65mAtC-r*C4«:J:o-C2 5%*«i3P"r40-C, AR 



3) WBB2 0 0 0- 1 37 90 6 

36 

[0164] V y-BJSaW,»N i F e 4/C o F e 
0. 5 (nm> <D*»^CCW % TiftCuBBO. 5^2n 
raSSW^K, 7'J-I*i»^NiFel/CoF 
e0. SnmOl^C^ TiCuftt, l-4nmg 
tt#t»*L^ 0 tfcWICoFeOSSIJO. 3-1. 
5 nmflOttH-CKAT C^. ttc, CoFeO* 

l\ C o F e ©*>*) 0 (CC o *fl»Si8^«:BC o ift 

[0 1 6 5 ] NiFe3&S4nm©ittC»Co 
BO-lnm, Ni Fe^2n m<D£ t(CU 4 0 — 0. 
5nm, N i F e * s 1 n m<Dt & &t&£, 0—0. 3nm 

^tcttTJfiCu i©»BBCCfeC u <h*Hj6«ct*fi-©C o 
^CoFemtfeSbfe mtt CoO. 3/ 
NiFe2/CoO. 5, CoFeO. 5/NiFe2 
/CoFeO. BftiW y-B* 5 **.^*. 
[0l66]ifc, c©J: 5a«WBrtaiO«B«l«:-J- 
20 £*>*>0tt, NiFeCo©647';-i*fflC>tt«t: 

[0 167] Sfc, *«TO"C*fftCCL/Tt>4J:5ttfiW 
^'J-BTrttfiSBaiiSeB'rScifeHttCcScS. — o 
(Dffii^ibt, N i F e a Ni 

F e ©»23&«jEK:A*<a4Ci3&«*tf6ti4. 
SBR-rSfcaMc:, JI?£N i F e 8 nm/C o F e 1 nm 
<b^5? y-BTiiN i F eCDfflfiSteN i )0 Fe 10 (a 
t%) "Cftl**** *»W<Z>4. 5nmTKT©7'J-i 
<D»^CCtt, Ni,oFe„<tHNi Vv^tSCi 
30 ^IJIC^ JMWW*. N i F eililMnmlKD 
i^tN i n Fe ls (a t%) £0fcN i V N 
i F e«»#3nmSK©±*0CttN iu.,Fe 
ia . 5 (atW ADfeNi'J 9^tC-rS-Ci*sa*l/ 
l> 0 NitfWOJdRAUTtt, Ni go Fe ao (at%) 

[0 1 6 8 ] ±IBCr><t MC, T»Cutt«8iE«WH ew * 

ffi$c3-er, y-Btctet>r«>a»a^-Yrx^ 
£{fc*<Z>3(Mfca < * ;u £ -5»**/Bi> * <fcl> 9 

[0 169] /^7^#^>hi^5^e>^54, ± 
IB (7 - 1) ©KTyix«ttS:ftCft«)6ti*fe<Drtt 
a<. ♦BS<Dffl0cffi«UT»lE3tiS. Y&'b 

3<a4iH BlB *«/h3<asfc», -en j &^^>*fe^ 
[0170] ^<*wtc«, — rxomt ux^a^m 

RW-<fcOT. t*>B*52 nmT(Di?K:(iCui(i0. 
50 5— 1. 5 nm. tf^B* 5 1 - 5 n mTOi &&Ct*C u 
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JBttl— 2nm. b>JB** 1 n m T<Dt SteBC ulii 
1. 5 — 2. 5nm> fc"»B#*0. 5 n mTCDi 
CuHtt2^3nm, b>Jf#0 n mT<D£ *KttC u 
JBB2. 5-3. 5 nmit^ C£K:&4. 
[01711 CC"Ct*>Ig^C o. bl>< ttC o F e© 
i*tCttt>H<DBt«ttt = (Ms*t) p1 „/1. 8 
T [nmK b'^JB^N i F e<Di*«:»f>IB*t» 
ttt=(Ms*t) H ./lT [nm] it^CiCC 

fc4o 

[0 1 7 2 ] ^-D-CuttC uOffitC, Au, Ag, 

*JI^4C<2;, *J:V7y-«OTilliflDJi»S»fflll©^ 
HB*r*4/cW/hS < OTSSEHSSfiiljES^* 
tttbfcb. ^-tUStt, ^*47cW»iHX5##S 

1, 5nm— 2. 5 n nu 5 6tcSI^ L 
<te, 1. 8 — 2. 3 nmgffi**S8* 
[0173] ^b>7 -f 

f c cCD^- FIB£C>5««4>*4fc«>* Ttttttt 

Wtctt, Au. Ag, Al. Zr. Ru, Rh, Re, 
Ir. P t tt£*>6&4*B<D^AIl. feL,<Wfflliii 

S£LT, flH»7';-»©SBffiW»iH, I1 *(«lit^2 

[0 17 4] Ta5/Rul/Cul.5/NiFe2/CoFe0.5/Cu2/CoFe2. 
5/Ru0.9/CoFe2/Irtti7/Ta5 ( 7 - 2 ) Rul nm^T 

■^-If 2 nmt7 >;-B©Ms*t*5N i F e&g£2. 
9 nmT«7 U -JBCC fcHtofcr 1 0 O eflfiCDffi; 
H< „ K3eST4 C i *sr * 4. <5H, „ <E>*JBtt^ 
^TX#-f >h<DMR>W FtSff1feW< tt<ttSi(,» 
5*TSJU> 0 */c. l^cT6tc^>-fe-r ^ v ^AF 
CD±T b > JB £>^/l^ *oWft<Tfefi»ft^^7^# 

u£>Kfft£ 1 n m<h t>/c£** 0. 5 n m— 5nnu 3 6 
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* 9\-<d$q~c a a l t > « w« * n « a t> 6 a t \ 

[0175] (7-2) CD^rtt, H cu £ir»T4<t£ 
tcii, RuOBSiCu©)ISOiawa^t>HO 
JSU»C&4. Wttf. RuO»^tCtt, 30iuQcm 
iCu©H:J4aaft©tt3flStefc». H« u fclr>5«iSrCtt 
(7-2) ©«ttCu/Wfc*"ei. 8nm<DK£[*]#<t 
l^ti tc&4. /c/cbMRi C»5«*TttR u ^CBfi 
£Wm©<, S-T-OMt^aStfS^ffiC^ft, Ru^Ni 
F etc#-f U# Mc»L 3 1*4 C b>7 

4JBiL/'CB, -C£4/ctt*g;ffi!nOCu, Au, Agft 
i'^K, Rufti'OttffttCu, Au. Agftf 
*/TL-C— IBCC-r4Ci3&$»* LC^toWC**. C*l# 
to?to?— ITifitct^ 1 o©iir^§ 0 
[0 176] a/c, CCW<977iTaiRu4b 

t5tte>«TalBa<tiJ:U. f)i«Zrl?:Ru 

<oa:tot)ccffl^-si#tt<irtt, Ta*a<-rcifepifiB 

t&4„ 

20 [0 17 7]^777l4fflOmat Ta« 
tc. Ti. Zr. W. Cu, Hf, MofeL/<ttC*l6> 

» t 2nm-5nmgBWiSl^o 
[0178] CC-C«AFJH<fc Itl rMn (I r : 5 
-4 0at%) 1 rMn^lIiltii, 

3nm^l3nmiSWf*U>. I rMn 

30 1*4. ft&K4£A/e^4fc*>. j(fcteM!S«:»MR*{b 
**«#*C* 4 iC»5 tt«W2r5*LfcJ: 
^ttFeMnifiKttttilCCfflC^WII-rtt, WMR»b 
#ft«MSl«4clH9r4t:iB-c*at». c*itt*JWi 
<D«fc5ttffi»7 y-JBfcfflt^iSteW^teSaT^S*. 

r*4c 

[0 17 9] SBSBHIiUtBCrMn, N i 

Mn 4 NiO^CitfeftC^ KMRSlb^SOfc 

rOflitoOfcPd, Rh^i^ffll^^o FeMn 
40 iMn&£CCtb^rMRgE<b**S|5l±*r4/c*, ^ 
v KCC^^ttT^-^aaa^feiKMR^b** 4 * 

n 4 c t ^9mmox>t-mhz> 0 

[0180] 



Ta5 /Cux/Ni Fe2 /CoFeO . 5/Cu2/CoFe2 . 5/Ru0 . 9/CoFe2/PtMil0 /Ta5 ( 7 - 3 ) 
Ta5/Rux/Oiv/NlFe2/CoFe0.5/Cu2/CoFe2 . 5/Ru0 . 9/CoFe2/Pt*til0Aa5 ( 7 - 4 ) 
PtMn (P t : 4 0-6 5 a t%) * 'J ^ hi R»W#jfflt», AR s*W<TSCi#t*. 

LTtt, S^JSfiSS^I rMni:5t>3 6«:»»fc»^ i«B*#»6n&C i*s»if 6n4 e MROfiSfftH^ 
a-b^r--^ccj:4MR*{b*«S6JC£l>tt<, ffit>M so tt*«JPBU«c< i«7 u -box tr>^ji/^««:tet> 



(21) 
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10 



f&t % P t Mn t<03H*^*>**s«*>MR W*tt# <t 
t=> 0 P tMn<Dtt*>D tCP dMn, PdPtMn£ffll> 
r*>ftl> 4 0-6 5 a t%) . 

[0 1 8 1] MRW«H*it^H^*>6l^i. TtftC 

fc£MR©*ff*tt* $ 3R< fc4#>5>T?*4. ^cL, Ni 
Fe<OK«3&»4nmfcl±*4i*«:tt, T»Cu»li 

[0182] P t Mn B«»W«ctbJS!SOffl4> 1 r Mn 

S<»SUC>. C<D<fc?CC, (7-3), (7-4) CD 

[0 18 3] fc/cl, PtMnOf^y?hiL/t-J 

tf£n&o J;^PtMn^mraPtMn(D 

Jg/5<tbT&, 5nm-3 0nm^l3EU\ 5 

JKtt, 7nm-l2nmitt*aiU^ PtMn* 

(S«ffe092) h'^'SFSV (5/>^CoFe7'J- 
Ta5/Cux/CoFe2/Cu2/CoFe2 . 5/RuO. 9/CoFe2/IrMi7/Ta5 
Ta5 /Cux/CoFe2/Cu2/GoFe2 . 5/RuO . 9/O>Fe2/Ptf*il0/ra5 
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[0184] < 7 - 1 ) - < 7 - 4 > CDllJfeW^y * 
^ g >iLt, K»^R©±fc3 6tCft&IKBR« 
*aJB-r*Ci*s**.6ti4. Ctu Rvu P 

t, Au, Ag, Re, Rh, P dtt£0*HRt 0 < 

[0185101 5tcBBbT«rab/cJ:5tc k 

> h £5gH ^ C i * h 0 

[0186] 0 1 6CcBBbTf5^0/ci:5CC, * 
\+ZsW?m** Jt«W 1 -4 itb-<T^c> 



i) 



i^&NiFe/Co^NiFe/CoF e0<t5ft« 
Jf 7 y-»rtttt< , Co F e»ll^6ft4-»^ft 

1 o 2i)mmm<OC o F e#»6Sc?K liSi ioi# 

[0187] (5nmT in N i F e ) 

£DT<£#, W^5CoFe»7'J-ltliS 

lit^^V^ CoF eltCm3(Dmim7TMt 

Lt t B, Cu, AL Rh, Pd, Ag, I r , A 
u, Pt. Ru. Re, O s©J:5ttfc©**R*nL-Cfe 
flitottl*. CoFe^O*bO«Ch:»7ttC 
o t?«tt«tt3Wl©B^# C CoFelJConFe,, 
at^Co M Fe 4 at«4«*U>. «tca^4J: 

[01 8 8] CoF y HPtt»»tt<tC>5B 40 

*>6fc c ( 1 1 1 ) EftU"C^5Ci*sa*Ll». 

!&W/jNS<&SJ:5Kf c c (111) BEflUCCi** 

»*Wr>#> coFeB©«t^aaws*«a^T^u7 

[0 18 9] 'y^CoF e7 y-l«Ms#N i F 
tjSWSfcttN i F e/C o F ettt, N i F e 3 . 50 



(8-1) 
(8-2) 

6/CoFeO. 5 (nm) Th-^M8W* 1 ft4nm 
i&SCDfcfctU ^>7>CoFe7y-IttiCoF 
e2. 5nmtS>^ Ni Fe/CoFeJ;Hfil. 
5nm»<t*S, COW^OBtCC^ y-»OTtcSIL/ 

fe^^>Xt>(D¥^Sfi?ffI<Dfii , r$)^)^l nmitb 
^tll»fc«&7 -{^£7^ HStl***. NiFe/Co 
Fe<Db- Z^BMA n rngKCC & * i7 * 7*X t*>CD 
¥^S&fTg£2CHBCCtt^T< */c«>* *<DT<Z>W3I 

[0190] — 15. islsyfrC o F e KH Uttt. 2 . 
5nm<fc0fc¥^ie*ffe*sfi^fc«>. **gK©IR» 

s#sa < & o % mr # jjw & . tmmttc cc 

Cu*ffll^c*i^CB % CuliN i Fe/CoFe, 
4>L<&iCoF eH36»6tt*7 y -H<D h -*JHB«** 
4nm|gSs 4>0< te3nm--5 nmGD^ttCMRti- 
^i&C^l^ifcfWC^ o^O, 

x # > h aaiti^stcift^wJBisw* 5 * n 

i F e/CoF ert**t*>7 a fr* -J»*<bC>5 J: 0 
+ > hjaS^feMR^SE^Sfefce-r^ CoF 

h S3H 4 <b fe&cMR ±^S£6moM ^Ci^-C^ 

7 y -@<b<D h - * jURBETMR f - 
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OffifttCj:t)#*BC oF y-IBO«^^^>^ * 
[0191] SJfN i Fe/C o F e <DK5rt*MRBftt 

[0192] «S»JlSP4>aWll©ailR' , C*4N i F e 
/CoFe^HCoFe <D#li©« 9 **SU8Prt s Sfi. 

— ?Jf i F e/C o F e©«5#^F*iJ"C* 

4. 

[0 19 3] (8- 1 ) 0«JST<D><-fTX#-Y>h 
fc, |8B«l©i»^iB«l5l«K:3 0-5 0 96©«»a 

[0 194] 7 y-»©Ms*ttR?¥tttCHL-Ctt, M 

3tt*Ci*«»ecctt-Dr<4©r, *WWB<DBW* 
JKTttRCcHS^ytJ: 5 Cc? y -ll©lBt»*i» <&SK £ 

[0 19 5]ItW9tc», 7'J-iMs*t-4. 5n 
mT\ CoFeif2. 5 nm©£*tC»iS8PW»<0& 
JTajgW«Cu*»rO. 5 nm-4 nm, 3*>CcSg£ 
Ktilnm-3nm, Ms*t-3. 6nmT, Co 
F eW»2 nm<D<b#tC»CulRlftJ*"C, Inm — 4. 
5nm, S6CC2*L/<»1. 5-3. 5nm, Ms* 
7nmT, CoFelJIl. 5nm04*tCB 
CuiSfr, 1. 5nm — 5nm, 3 6K2*L/<K 
2nm-4. 5nm, Ms*t-1. 8nmTV CoF 
eiSlnmCi^tUJCuiftS-C, 2nm-5. 5 
nm, S&CcSSKtt, 2. 5 n m-5 n mfIE££-r 

[0 19 6] (8- 1 ) -TttKM^KiL/Tl rMn 
fcfflivt t»4<Dfc#U ( 8 - 2 ) r«P t Mn^fflC^ 
TO&o P tMn4ffllr>*Ci*cJ:D. 36&cMRfcf$ft 

e>*i£o cntl N i Fe/Co (Fe) 
*£W«"C**. /c/cl, PtMntffll>U»©a5 

^#-/>h*A»ttiC%CcRltr5fc»«:B, IrM 
n£ffll>/c£*<fc9*>, «*»#H c- ft<6*3tf5** 
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H, H «r(Si«s*afca>K:tt* w»wbo 

C *fc. H p1 .*«n<Stf4fc«. ^ 

? £AF<D±TOtf>ll]R«fi* I rMn©£ 

SH©KW*«M]n3i±5C i»AR s <D<gT£fS< C £ 
fc. 5/>-fe?w v*AF«S©A t*H«in3^*C£tt 

4C£tta*L<tt<. I rMn©iiitb^tCoF 

l>. (8-1), (8-2) ©Ayx-^a>iLt, 
iXO «fc 5 frlSl&k**. 6*l,& e Ta5/Rux/Cu V /CoFe2/Cu 
2/CoFe2 . 5/Ru0 . 9/CoFe2/I rt/h7/Ta5 ( 8 - 3 ) Ta5/Rux/ 
Qj y/CoFe2 /Cu2/CoFe2 . 5/Ru0 . 9/CoFe2/PtWilOAa5 ( 8 
-4) CO«J3E0c*yt*rB. SilliLt, Cufl 

20 &c*r ass o<oastc j: 

[0197] 1. CoFe MMUW 
2. Ht n <SNB9pS 

±ifil. ®CoFe«^W(cHLTtt, «K8*iM-4 
CoFe©S*«lfflCC<to-Cfflai«:iWffllLJ:5 
£T£&«rC#>£o WCuiHCoFetD 
f c c - d (111) ffiraFS^EtfT, C o 90 F e 
10 (atmic%) 7y-»*«^fci*«:iafi««:^: 
* < a 5 W»C o F e 7 D - l©BSt , -fe'nififlfK: 

30 gtSTOiltCiCu iHM^SWtl^O^ 
WAtf* Ru ©ffetC, Re, Au. Ag, A 
1. Pt. Rh. I r**t>ttPdft£#*fi*lA>. 88 
^8HJSP£ ^ 5«ttr»T*asZllBfb©tt«:C o F efflf&£ 
9 0- 1 0*>6S:**C£CC<fcoT*>Pl*S'r**o 
Kltctt, Co 90F eio^Co..Fe«©»l5R«n<Z>CoF 

e&&? y-iiWHo&ti*. ±K2. £>H ln *g 

WMMcHbTtt, K/£fiO££©¥ffit4*ft±3if£ 

4„ WtC. SF .SV-Cfc£MRCDXli>? 
7 y HB©±»©^*> HS»£t>9 2ocD^r^^- 

flVc * - iNWtSMfeW* * tt H < n WI»WH!i«: tt £ o 
Ru/CufflHecc-rSCiCCior, Rul. 5nm 
/Culnm-2nmTi k 7'j-BMs*t3. 6n 
mT\ CoFeRS2nmtC»5W7y-l l X^- 
tCu2nm^HOT t H 1n iUT7-l 30ei 
50 l^ftHLtSHH-SCiOT**. (7-1), (7 
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-2) CT>Hi6WtCteliTttH,„^2 0 0egtt ,, C*r>/c 
[0 1 9 8] H ti ,lt»iCOW^6*tei*K:tt, R 

SIKWCC*4ofcRu(DJ:tffi!a»3 0 aQcmft 
<D"C\ a t©-> + > H»*iOTtttt!SjKl 0 aQcm 
©CuR«CCL/Tl/3©JBWiC^Citc&S. 
tf, Rul. 5nm/CulnmilOffiWi % >t> 
h©Cu«MMMW < 1. 5nm/3)+lnm = 
1. 5nm409tC^CiJcaSo * 10 

(HSfiW 3) ;}<hASFSV (Ni Fg/Co(Fg)7 U -») 

Ta5/Ru2/Pth*ilO/CoFe2/Ru0.9/CoFe2 . 5/Cu2/Co0. 5/NiFe2/Cu2/Ta5 ( 9 - 1 ) 
Ta5/Rul/^FeCr2/Irt*i7/C^e2/Ru0.9/CoFe2.5/Cu2/Co0.5/NiFe2/Cu2Aa5 ( 9 
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[0199] £/c ( 8 - 1 ) — ( 8 - 4 ) <D$mW<D'* 
u. Pt, Au, Ag, Re, Rh, Pdtt£©#Jll8 

■C^<%otUS^OT, i£@®4>0<(2ffiJiJK©h- 



-2) 

^^hA^^^OHiSWcoc^-c^To B6B. **S6 
fcfrfe, Tflfc^^TJBl 3 1±CC, ^ISftRttiiffl! 

an i 2 8 k i 2 7 ^an^n, tr>» 1 2 

6, 1 2 4*W 1 2 5*^UTS*«tttfJtCtg^LTC» 20 

»1 2 4±CtJ*-x— tHil 2 3, 7 y -HI 2 2, 
#»ttiB»«» 1 2 1 * * :/ 
II 3 2#»W6tiT(r»£. 

[0200] ( 9 - i ) ©sw«tt, ^atflMSiww 

fflmi 2 8#»JlRu3!p€>fc*K 1 2 7 (DH^HEttK* 5 
PtMn. 7'J-il22*J1 2 9, 1 3 0 O-UCDS 
■«t*6»J«3*ifc»^"C»i. (9-2) O^lfeW 
tt, JS5HB8!4BI»S»«W«W 12 8*133 Oii IT R 
u, 1 3 4<DRiL'CN i FeC r0— BR^^JKfiES 

1 2 7©E5»W4iW s I rMn, ^ >J — 1 2 30 

9 % 1 3 o co 2 mm&t>nmz nyt»^©**«^* 
-s. 

[020 i] # h a # -f tr>^<^^R{ctei»r 

T a y V 7 m<D±t<C 3 6*cK3fcBM4lK*§flM 

SPJiiLT, f cc*fctthcp<DTttR4 1nm^5 
nmiKi^S. Cu, Au, Ru. Pt, R 

h, Ag, Ni, NiFe *>**i6©£iftlR. SMIR* 
£#JBl>6ft*. cn^CD^-K (seed) Jtte&S&^tt 

1) COP tMn<DH!SWCC*5l»rtt*JB<Z>RuB*. 40 
(9 -2) (DI rMn<DSQSWCfel>-CfcJ\ Ru/Ni 
F e C r (D8W«*fl§C»/c. C ©S5ftfiB6ttB»Sfl*WB)H 

[0 2 0 2] *aMCcJ:4^-fT^#-Y> h^y f Hi 
l^^fCI*. ±lBllffi^g©Jg/I©®BTfct\ cco-> 

l> 0 tctcL. {&t&iKtfn, Tttte«lt«IS©/h3tt*t» 50 



(Z>«Ufi*iK* 6 ti S W*40ttHT r ^ 4 /ctt iSffitS 

Fe©ft*>9*C, NiFetCCr, Nb v H f\ W, T 

(9-2) -CCiN i F eOftbOKN i F eC r£ 

[020 3]g«liltlt (9-D-CttPt 
Mn, (9-2)"CttI rMnSffll^i. PtMn 

«Wa«<OMRI»«^30«»W«C/hS<. i«MR, SAR 

S»B-C*4PtMntffll»S^y? htt^SKc** 
P t MnCDf^t>DtCP dP tMnifflOtfcSU 
»*0t>18JWKH<!: OTtt, 5nm-30nm, 3 6CC 
»£U<&^ 7nm^l2nm». 
[0204] (9-2) ©I rMn*ffil>4^»J ^ hi 

jS*W5CiOT8 4 B I r MnCOM/Pi L/"Cti3 n 
1 3nm^lU I r Mn feft&BlTGSR I r * 
£t*K*»tt«r**fc»>, MR^fb^coW^tttcsn 
I rMn©«to0tC|BI«K:ft^BI5c***«fR 
uRhMn^tfci^ 

[0 20 5 ] ±E©* KSSfflttKi P t 

Mru IrMn, P d P t Mn 
^CDXt'>^Jl/^CD^VrXiJ<^> h^ y 7 h <hl>5 

<. NiO, CrMnPt, NiMn, a-Fe 2 O s ^ 

[0 20 6 ] ->>-fe7 : ' ^ v ^ lf>)B©niB©5S18ttttfl' 



(24) 
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£UX\t* CCrttCoFe^l*fflt« Co, 
NiFe, MNiFei, CofeKtiCoFe© 

naira«B©«W£^fcH*^**&**fc©^ 

[0 2 0 7 ] *^-mcot,>-C fc h ? 7*CD t * <b 

#WCc«. 1. 5nm-2 ( 5 n mgR^SI* 0 < , 3 
6«:a*'ly<». 1. 8nm— 2. 3 nm#JT* 
[0 20 8] ? y-iiUttt, CCtr©^lfiWT?WN 
i F e/Co©«B»£fflir»-t:ir>*. CO^y-BO* 

/c/a. N i F eOTiffl*** H r>7*4?k, #h 
a * >f ^©«^rttsa -5 *c«>, filKS^JSO/c«>C0 N 
i F e ©JflfiS** by7&J7<Dt%± tt^TStt S 
<*«JCC»N i F e/CoF ell 7 U -BG>»&CC«* 
Ni F eOtBMOTffcKfl^N i Fe/CoFeil7'J 

fe/hSlXETC, F?^-f^Oi*<t!)t>NiFe(Dfi 

[0 20 9] 0J*« % N i F e 3 nm/C o F e 0. 5 
nmil7 y-B©»£K«H ^"CttN i F e 

<Dm&LtbT, Ni„Fe lt (a tX> -TB*^jEflB*c 



10 



20 
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So 

[0 2 1 1] 3 6CCJ38©»»£OT, Cu®^HCcJ:S 

MR<D^t*>7^^^^ti^/c^ wmy 

[0 2 12] aataCuBIIPOttHBh^^SFSV© 

©A*as»*<tuT. asB^y-Ji-coffiHt,,*^^ 

^*^^c>Ji^CCBH ln ^300eJa±*o/ct>(0^Cu 

So 

[0213] ccr, (9-1), o-2)o^yx 

-> 3 >iU t 7'J-lCoFe(c8lfc*!91IC 
u -H£l±OSIIBK* i 6&*iB««)B'^« 
flEL/fcfciln WAtf, Cu/Ru, Cu/Re, Cu 

/Rh, cu/pt^ciwens. — Jiccrsaft* 

tLttt, h3r^*-f^oi#fcg5aute<t5CCCoF 

e y y-jtoasB^K^orjBSiawso-c. « 

[02 15] 



i 81 Fe as (at%) T/hSttiEOaSffiia^-r^ffl 30 

[0210] KD2 *B-C*4iB* 

Ta5/Ru/PtWnlO/CoFe2/RuO . 9/CoFe2 . 5/Cu2/Co0 . 5/Ni Fe2/Cul . 5/Rul. 5 /Ta5 

9-3) 

Ta5/Ru/NiFeCr/IrMn7/CoFe2/Ru0.9/CoFe2 . 5/Cu2/CoO. 5/Ni Fe2/Cul. 5/Rul. 5/Ta 
5(9-4) 

iBEBtiteSGcte^ . C uM^CDtbtStS 1 0 mQ cm(c 
^tL/t, Ru(J3 0aQcmWC, + 
$lS<t L/tlt CulnmtC^U, R u 3 n mtflSl^© 
S!S»*fcfc&'rc£te&<5. OSD, ±8B (9 - 3) , 40 

0. 5nm^3nm*t0Bi'CfflC^h6©t, Ru 
feEISKCO. 5nm-6nmOffiItffl^e>n^o tctc 
U Rut?tttt«Rfcl« ^ ;H»-»iBC u 

©»^<fcOfcao»/c». CoFeCCJt-J-SiBaSaBi^ 
t(t CuOBiWJlK, Ru£$>*9Jl< 

CoFeCC«03*TCua£*flH^ CuWIB 
0. 5nm-2nmfflM^J:^ 2m<Dm<D$mtt 50 



( 



(ia6«l4) tfbASFSV (CoF e^y-B) 
Ta5/Ru2/PtMil0/CbFe2/Ru0 . 9/CoFe2 . 5/Cu2/CoFe2/Gj2/T 
a5 (10-1) Ta5/Rul/NiFeCr2/IrMn7/GoFe2 

/Ru0.9/CoFe2.5/Cu2/CoFe2/Ou2/Ta5 ( 1 0 - 2 ) 

7 y -B 1 2 2 <Dft*> 0 CC#B^CDC o F e B#ffit> 6 

tW»3±HI»C»&. 7 y HH«JW>B©W£L ww> 
#A*«±<SaS«3iH«"C**- CoFe7'J-l 

So 26tc. C©||»WrBMs*t#NiFe»»t 
3. 6nmTCD<h£/c#S, Ms*t-4. 5nmT*Ctb 
CoFe*l7'J-i^:6tfIf 2. 5nm 
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* [0217] CCT. (10-1), (10-2)O'< 
ijx-f a>ilt, ? V -1C o F et/C&Lfc&M^, 

■C^fiRUfcfcJ:*. 1 . Cu/Ru, Cu/Re, 

Cu/Rhtt£*«9Stf&*i'S. rUBtc-i-4»*£ l/t 
B. BBS© * 5KCoFe7'J -JB©5fiffiB^#K: «fc s 
-CfiJSfSrSWS©"?. s s&SISSTSe 

TBSg/c#. fiH,„M»BttO*HE>tt:fc. 2g&CT£ 

JfcW3©«teJ:t>fca*l>t». * ©**#*- 6^6. 

Ta5/NiFe/PtWilO/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cul.5/R»Jl.5Aa5 (10- 

3) 

Ta5/NiFe/Irt*i7/CoFe2/Ru0.9/CoFe2.5/Cu2/CoFe2/Cul.5/Rul.5Aa5 (10- 
4) 

mmmtnm<D& 5 0 # h a * w v-c *»ia©» 2 ~* b ©£tt©jgsfcH L-ci&uj-r 

B 7 y -»©TflMr©lsWBa *K»AC i BHJK& ft 20 [02 19]if, »2~I6 ©#|«5©Ji*«K:*jlfcft 

e*«IIWStl*CiKttO. tOiiKBCo„Fe 11 [022 0] H17S, *»W©»2 ~* 6 ©*»©« 

<at%) tffll>4i. ftflB©^*aaffi«:ttO-*»-r «©^%©^fflk©»«*»KrH-C*4. H17KfcC» 

l> *tl*iE«tc^7FStt*A:*tc. CoV-^OC r. Stit 1 OKTJ'-A ¥ 1 1 . T^+? 1 2*K 
oFe4Il»iCi*ffl*W>. ftWWKB. Co„F *©±K* f>A^^^ 1 3*qiflSS<Tri,»4. 

e,.~ Co„Fe ( (at%) ©CoFe7-J-|4 * ^W^WXli 1 4 i-*M>«m 

»l»4Ci#ta*Hr>. b*lCo"J??KWhcp 7X11 5*J:tf-»©«*l 6*>6*lS;Sft. 

fBtfSS t, « 5 i . 7'J - Jl©*«tt*«f b ( H c #ttttT*M 14 1. 14 2, £$68*14)1 1 4 3 . «<b 

*«Wt> ConFe.OiiftCoU^t Itll 4 4, «I1 4 5, ttttg&Hl 4 6. ftff 

«f4CoFe£&*JB»r»«>e4tt«*L<fct». 30 M 1 4 7 OTBSShrt**. 

[0218] iE©**^*^. Cu«*DJ«SlS [O22H *BICtt*IWI©Safc©JlS»©Sy AF* 

10/iQcmtcMLt RuB3 0aQcm&©t,l ttfbH»JB(cfflt>ft:*B^©. SyAFOMSSttlBili^ 

l^^^h^iUB, CulnmWU Ru TSJ^»1ffl©tm»S*iJ:tfiW4. 2 0 0 'Cttfc 

3nmJWai*©Ja»*«»A:6-rciK:a4. ± tfiSSMS^JEttJ • 3£&'^TXS&^H u .»fcJ:O t H 

IB (10-3) (10-4) ©Itite^tB. igiSm »„ . ^ , f i&KT b . te«fctf* K>^*^*f© 

I©iWBCuiWT2 n miHVilO C iKft i. aaaSMb^AR/Rijnf. *fc*7«C», tttbStfB 

CuWIOJI&KO. 5nm-3nm*t©«Hm> 4 bT|^©*JB©WbH#IB*fl!^;^6©B«©» 

e.nS©-C RufcIs]«{C0. 5nm~6nm©i5lffi-C tift*. *ftaR8KBSy AF ilS^UteSSMBttlB© 

fcKl. Ru"Ctttt«fiM>iS< *«B*»6©lHWitr-i'©i2»*>i'*-^f»iA 
jI / jr-»»«Cu©»6J:Dfeai»fc«>. CoFeKlg 40 0 4 2 0 0 -OCfcW & S y A F ©SBfctt&llflHKB&IB 

■T UtB. Cu©B5iW*0<. *fc. i©^IMS^SE»J*»J:^ci9*>yiBttTbi©BI 

»*L<ttlr>©"C. CoFe(C»l8«Cu4ftffl [022 2] 

\,\ CuiSJIBO. 5nm~lnmlgffll->fc±'C, 2 [SU 1 



•em<xv>7 -*jU*-^m*^#6tiS©(C*tUT. N 
iFe/Co (Fe)fdtNiFe4/CoO. 5(n 
m) 4*MW**W<ttB. «*®B4RW&C£KJ:* 

mkteZCt. fciyN i F e > 
ZCt&h. ARsTCoF e*!7 U-H-ttblSL/ 
T. 0~3 0%^-TSo 

[0 2 16]£l±©Ci*e., Ms*t©lSUiiTM 



«BB2 0 0 0 - 1 3 7 9 0 6 



«*/Ta (5did) /NiPe/CoFe/Cu <3nm) /CoFe <2. Snm) 
/ Ru (0. 9nro) /CoFe <2. Snm) /SMftl/Ta (5om) 







9 n nlrtr 


2 fl OtPAttfi 






a* 


BUS (ill 


I (erg/ci J ) 




&&Tb(C) 


AR/R(« 


1 rHMntt 


5 


0. 04 


400 


2 50 


7. S 




7 


0. 0 45 


4S0 


2 70 


7. 3 




1 0 


0. 0 4 5 


4 5 0 


2 9 0 


7 




20 


0. 0 4 


400 


300 


6. 5 


(JfctfcW 


3 0 


0. 0 3 5 


A O v 


3 0 0 


5. 6 


A D fivM 0 IV 


7 


0.025 


2 SO 


235 


7. 1 




10 


0. 035 


3 50 


260 


6. 6 


KhliHu7 MnT» 


7 


0. 02 


200 


225 


7. 2 




10 


0, 0 3 


300 


246 


6. e 


p tmam? 


1 0 


0. 02 


250 


290 


7. 9 




IS 


0. 02S 


400 


320 


7, 4 




20 


0. 1 


>600 


350 


7 




30 


0. 12 


>600 


370 


6. 2 


N J SIM a 30 


15 


0. 02 


260 


300 


6. 6 


CrMnPt 


1 6 


0. 02 


200 


240 


6. g 



1 rMiK RhMn, RhRuMiu C rMnP t MlnfcxewWK : 

2 7 or. itm®iuaa*fiife&®e& 
2 7ox:. \ ommm**i£&vs* 



[0 22 3] 



* * [SI2] 

S7 

*tt/Ta <5nm) /N t F e/Co Fe/Cu (Snm) /CoFe (2. 6 nm) 
/smttttt/Ta (Snm) 





200tC4ilt$ 


aoomutr* 








BJVCbo) 


J (erg/ci 1 ) 


Huflte) 


S&Tb(t) 


&K/RC0 


[ r3lMn1B 


5 


0. 04 


1 70 


260 


6. 6 




1 0 


0. 046 


1 90 


2fi 0 


6. 2 


p 1 5IM n49 


10 


0. 03 


130 


300 


7. 2 




20 


0. 1 


4 30 


350 


6. 7 




30 


0. 12 


5 1 0 


370 


6. 4 



[0224] 



PtMa^^KW^A: 2 7 OS. i 08M<&fcfcS*i&UfcflW>fia 

[*3] 



(27) 



51 
58 
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«*<M> 




J (crs/ca* ) 


fl&Tb(TI 


I TlIMn7S 


5 


12 


0. 0 1 


2 1 0 




B 


8 


0. 025 


230 




5 


6 


0. 045 


2 5 0 




5 


3 


0. 05 


260 


RhZOMnEO 


7 


13. 5 




190 




7 


8 


0. 0 2 


2 2 5 




7 


4 


0. 0 26 


2 3 S 



6 is J; Ztm. 8 tc^-r ,1: 9K, 1 ) 
JBttS-& , T4fiBMtffl i S**SyAFtcJ:-3-r*fiS;L/, 5 

wMMomsia^HafiRz o o*ctc**c**&iM6£ 

jejSJibTO. 0 2 erg/cm' 

-C. a»4 s >^*-^*tf«* s »*l'<» 8 " s 

r. SS2 o o •c«e*iW*£8»l*65£*J 

*J-C* 5 C i . 3 ) S5M8tt»«WBffll«»* 2 0 n m« 

ju:/**©ffi^b*4H*fil±tc*«i>* C i**T:* £ 
c£. *l/"C4) SS2 0 0'Ctc*jWS3?8Me^5®SJ 
40. 02 erg/cm 1 ethtcTSC itc «t 0 . i&K 
2 0 O'CKfclirglfc^-f T*fiBI*H.»* 42 0 OOe 
«±fC^^Ci*5-C#. 

[ 0 2 2 5 ] M 1 8 «iWW»IWC»r4^tr>^Jb^BR 
K»fb@2JB©ra<b#ttjfc&l<>»5*©^ffi*« 

«i©e*»©sfi* i *«»©M*»©tts* t ©X£ 

H„»* iOT2 0 0OelSU:*irr4«ftH«ni«. 65 

fcC^-T. 2 0 0 O e **C©«JMBirtt. &ftft*i3^ 
£'Bb <ci#4<. tt<be*»©***»f bl£Sty;fc«lR 

t 0 2 2 6 ] m 1 8 -C«, tt»"fe>*4 L"C©ttffijS-C 

2oooe*-c©5i«»*wc»L-c«. c©e 
{bas»©wbi6sew«:tt«s©se<b*«B*&tir. 

SSfbaSJB^ttW^fcW*. «W»e*W4XIW**l£i5 

[ O 2 2 7 ] Sf*©N i 0£3fetttt®«>. FeMnCr 



A,£'J#f#e.*i&t : >. £/c. 3 0nmJ5©C rMnPt 
JS®5attJl%ffltr>/ctB-&«:«ffitngE<b^36 i Se*©*a© 
ttfbB*JI«fc o < a XL, £ 9 ©-cws b < an. 
[0 22 8] fi£*©#Jf ©WbH^)IK:fc^r«. 317 
tC?T53*vCt,>£J:MC. P tMn4fflt>fcJ«^«:ti2 0 

fb*tt6. 4~6. 7%<ttb^WiSViW*^'r„ 
20 [0 22 9] CtttcftU *6 tCm-r**W©^*6©J^ 
S^Cfctltf. I r Mn . RhMn. RhRuMn. Pt 
Mn. NiMn, C r Mn P t &£©JS3 2 0 n m«T 
©SSSBBEttH^fflt^CitcJ:?). 2 0 0"CK:TH„„* 
# 2 0 0 O e ^©gnfcilit&ttSrjfSSl/ . tfifii 

b*ttse*©*Ji©»< bB*n i 

^Sart*B©»3©TPfil3:Sf * 1/ < »3 nmti±-C*4. 
[ 0 2 3 0 ] EI 1 9 «H„,* #2 0 0 O e ©*SfciP!©^ 
5SJf5Jig© * f> /f Jl/ *J J: S£*©H 0 ,#50OO 
30 e©mnS8<b@S)l©^f>/f;U^K:oc>-c, 2 0 0 
•CKT2 0 0 0 e©SHH''C-fTX»»*#a.fc»£©*S 
a^lHi5fiMbffl2tS©fitt<b©*ll^fcftat©B8««:^ 

•r. mi QK.mztixi^&'Mz.. ^3fe©#em<b@» 

V^'^yiB. 2 0 OXKJsWSHg,* #2 0 OOe 
£. mH^b@SfH©Hu«. 5 1 OOetCit^-OhSO 
tc 2 0 0"CtC*5WS®Sffltft©*IB$£fb 

[023 1 ]ifc, I rMn, RhMn, RhRuMn 
40 Sc £'©M n 'J s» ^© r - M n S?iJ!x3£$EttffcB£ fcffl 1 5 fct§ 
-&K#6*iSJ: 1 0 nmfelT©S«»14IB/5"C 

tt. f^©flW©»<bffl»»*m»fc«£J:0 *>**<.» 

[02 3 2] S fc. R6©*?|BJ©Rte©^SI^*JC>-C 
«. Tb7W240~300 •CCffiaOS^ESttllt?^*? 

«cH«»<b©i«iM**5«-. (So-cTbfi^-ciiea^te 
-^Jl©*S^fi8iW ; &±lHl-5>^:*%®W ; &*nA-c^?Stt»il 

{bH«H©aKt*fli*««aw«: * o as«c»wir» & 

so ©-c. ^svife^i^fiattiiAfc.t^attiiBi©^ 
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[0 23 3] »«W^»<!:9S»tt»AteJ:af5ftttttlBB 

R Ul Rh. Cr, Ir4i'*fll»SCi*Jff*U>. 
*feSftSBtttliA«ll«ffllBCCtt. CoFetttfOCo 

* £ l^^nfeTRt W*. £ C £ #*rsarc* 4. 
[0 234] 3 6tc. «fbH*HBOfiMb&fiia3e«Wkffl 
•Ctt. ««tMAi*»tt»Bftia*fiI«:tt«l3-SiefiJ 
B***&ccrc, »»ttBA**»1^B©RJW*2nm 

fett*n«±lc*ft*U 3Sffl«fci1«ircWbH«B 
[0235] ^eo^wosas^ffitcfeti-r^ffl u 

T^iSyAFafflttS^BCCte^ttt. CoFe^t 
««Sn/cBfiai^AfeJ:C«Kai4»BO»^2. 5 
nm, RutM3ti/ci«^l©f^0. 9nm£ 
T4C±K:J:0> SSfc«tt»^aWtt»4kOe-C* 

[0 23 6] #»BK:*rt>Ttt, 5MK14B A <L&aBffiB 
BCDfflttlH«* $ aa*L.t»* a , *4C>tt»1814BAC>1K 

l>. SiKtMAi^aiMBOiSttlRff^aa^Ol^iiB 
<&CCtt, ^ttJ!ACD^^i¥^?SmttllBO®^Ji/f 

[0 23 7] — »«ttiA©a»W#)«BttiB 
<W»»BIWJ:0 4>**^»^«:tt fc 54E^14HAi5Satt 
BB©»ttlBW* s ««*L/l^»^tCj:b^ , r, ESDKJ: 
4BM»{bHfc4>ttl>a»fcE S D«rt9tf**3TC*4. 
COHte. »»1MA<D««Wi»R:»r*ai«ttBBO 
fiSAOKP ©tb** 0 . 7-0. 9©ttH£T4C£:Wff* 
WilH3*»ttBAK:2. 5nm(DCoFe^ 
§S®ffilB&C2 nm<DC o F e^-TSC^W* U 

«<#i««*5B5 0B87#) CiOC<t^T, ES 
D&cJ;4 H#fi£f b&K#£ D -C fc **H*"C * 4 K * 4 :/ 
*SH3H"C* *. 2 0 0 -OCiJW 4 J ©ffi* 5 0 . 0 2 e r 
g/cm 1 jy±^HJi*r-2>Cc(i, Mn&^Jadi-r*, 
I rMn, RhMn, RhRuMnJi£fr6SrST-M 
n ffl . *5U*AuCu H»<D«fl"M btB* £ ffi tiThS. 
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ttffittB (Mn©ffl«*«0*iHiT4 0%*j|llT^l/ 
SlO *. *5WiPtMn, PtPdMn. NiMn 
tt<5r*»6tt5B'&iE*iW>aRWbffl (CuAu I SS) * 
dtrSSSttttB (Mn«fiW*4 0%W±7 0 o /oWTt* 
• ^LSCO t^t^iCrMn^CrAltc^'OCr 
3RS»»ttB4:fflC»*Ci*«W*U». 
[0 2 3 8 ] 3&tccn64>£&^2 0 0*CCCtoW4 J 
©ffi**0. 02erg/cm J J£l±**l>»6i£fb*# 

[0 2 3 9 ] S8CC^SnfciBlfttt***> , S"^^^-^ 
6©0«T« t*-^©P7 + > - 

fitiHA0iTb*yJ:Ci t J©B8«*>6, *ffii»A0**8* 
&T^J <Dffi3&*0. 02erg/cm J fcl±**f»6>*i> 
**W©««aC3»»^ ? FtfSejTC* 4 C 
4. P tMntt^©ffi'tiE^fltcaBMbl/fc5»att 
B» C rMnft^Ob c cX©K3ft»1£B-Cfel3«K:« 

asBs&JEifij-r tanr»saw»ttflwri*T b 2 0 0 

•cr©KC> J #3©Si-CS 4. C c KSSMfcJ:> f c c tl 
20 ©tB^fcfc (111) tf-#«r, h c pfBOB^tt (0 0 
2) hT-^*, bccf@CDJa^O* (1 10) b*-^£^ 

n*tt»ft-r4. H4ME*ii:fe6*4«»Hbffi* 

$tfPtMntti*<D»^Cctt, J8*rrSf c effirt* ( 1 
1 1 ) ffiiBfijUTl»4Ci, &4^te^H'HbL/effi4>IE 

din ffi^ie^jur^4ci^icR*-r4o ft 

[024014*5, H2 OKtSTA^CC, ftUfffl^fe© 

30 ^oaas^HRawiaflf 4®«® * # * f 

Ki«n?rt>M- :/*««■ t aaiB^swKiaw • 

[024 1 ] coOcfc 5 fc^fc««fflKW*SS«"4K: 

AWMl,fc*H»CtT 5, CT^«1 0- 9 Torr&CC*-C^ 
«SF»*s*C#Si6aK:J:4flaR. 5 0 Oppm fiiTteM* 

fi;^7^^f>4 <!: CD^ffitC <fc 0 SS4x^;U^— 

5^-*+ ^^Bi^tr^^^Bi^fB^TlftB, 

Au, Cu, Ag, Ru, Rh, Ir, Pt. Pd 
tt 4 ^tt^&TttB^ NiFe, N 
iCu v NiFeCr, N i F e T a te£<DN i JR££ 

[0 242] rw^teiB^tB*CDlPl±J KIB-r 

4*»WC[)^ 2-^6 o»B»©»»«:H-r 4ftBWtt« 

o l »TT «tt b /Co 
[0 24 3] ycCC, *»IB<D»2^»6©H«©«5S8«: 
50 ^T»**cBMB'r4. 
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[0244] {mm<owM 2)017 fc*»w&mK:a> 

? * < A 1 , O, -TiOlSlO tCT'>-^ 
Fl 1 v T** 2*»»*U *<D±CC^K>^ 

JU^SW-l 3*»fltrS. tCKTt—^Fl ltt, ff 
<&0. 5-3am*fl«NiFe, CoS7^ 7 
*fiBEtt£-5fe. FeAlSi^i'^-^t, NiFe 
^FeAlS i^TfcWfiKJ^SffiMO*!**-*"* 
C<fc>Wff£U>. *fcT¥^"y^lBl 2(ctt«A5-l 

[0 24 5] Xty/^^W^t^^'J^Il 4i 
— *f©«/M7*«!l BfecfcC^— **©*S1 6^6*$ff£ 
3ft& D ^tr>^^^««, Ta. Nb, Zr, Hftt 
£<DJ*# 1 - 1 0 n m©*«ttTflWI 14 1, tftWClB 
CTff^O. 5-^5nm©*2©Till42, S^ffi 
141143, ^{b@SB14 4, S^O. 5-4nm0 
4>IBJB 14 5. e{tSSJil46 4 iM!(CltDr»* 
0. 5— 1 Onm<D&Sl^l 4 7 *P6flteR3ft5. 

[0 246] -£<D±tC*> y 7'B 1 7 , _tr>-;U F 1 8 

BB»ffl*«»j«s ft&* v v 9 m 1 7 5-100 

n m<DT)l> 5 ^^{bT^ 5 ft <!f;WBl> fcft, ±^-^ 
F18tCOiW#0. 5 — 3 jLtm^^tr&N i F e, Co 
»T tXIS^ F e A 1 S i ^ftt#SC> 

[0 2 4 7 ] SKSttH 4 3 i LX I r Mn, RhM 
n, RhRuMnft4:0T-Mn*0Mn'J>?6ft 

P t M ik NiMnft £<Dffi'i>IE#il©JSHiJ?&&£ 
^fflt^n^tl^ti, TtftB14 2tt, Cu, Ag, 
Pt, Au, Rtu I r, N i a£*fctt*ft6*^«S 
5}WAuCu, CuCrfti'O^ WBPF9-2 
2 9 7 3 6#CClSi£0N i. Ni S^£, NiFe, N 

[0 248] 2/c5S£«14B 143iltCr JRKSKSB 
T*ft»T?*>«fct^, bcclfr^ftiCr, V, F e tt 

[0249] mitmmm 1 4 4 bbb^us^b 1 4 4 2 £ 

^LrS?»»ttW«:IS^rS2)BO*»tt)lB© 1 4 4 

1 <hs&ffi&t*BA<Di 4 4 s^&ttasBRt^sssft-c 

C^-So &IKt4BB<fcJK&i&ftB 1 4 3 <tcD*lffl, *fctt 

& ft ccDti^, **jH*»A-r*H© 

tin a (s/ctt&i&ttBB) /ifti/affittiB (s 
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[0 25 0] ®m*§£B 1 442BRu, R h v Ir, 
aBMS^»<OBWiL/"Ctt, £W (Fhy.Rev.Le 

tt. 67.(1991) 3598) &C^3 ftTl> & £ ^ aJ5S£58tt$S 
^mtfe^ * S RJTC * ft tt ffiffi nJffiT? * £ . 

[0 2 5 1 ] 02 HCttC oCOSSSSttlBteJrC/C oF e 

r/Ms=l ttHjUattlS^^K:?!!*. Mr/Ms 
[0 2 5 2 ] 02 HC^^ft/ccfc^CC, KSUS^BCCR 

u«rfflc^*B^cc«, mimmm 1 4 4©a^t#w** 

«)SJIft*aa^*<DflS©^^ FXS-Cifl^Klcfco-CttiifrK 
5 0-3 0 OW^KiftiSiifiOrfeRffir* 
^»|4IB, *fflttHAi»»IS^Bi©*HSS£IJE«c<t 

20 Sitl. 2nmHTW^U^ RuPO. 8nm 

0. 8nm^iSitl. 5nmaT*Jf*l^. 
a»14BB*sJ:C«l»ttBAK:5JC o ^/diCo^i 

[0 2 5 3 ] SftSBEttBBfc^SfiOttBAtcCo,.. F 
e^(0<x^0. 5) fcffiOfttt. I r Mn, R h 
30 Mru RhRuMnftffOr-Mn»©Mn V * 

x^asEssattB 1 4 3 £©*$fc3aft*&^«»a i s 

6ft. L*«>Rui!«»ttBB*jJ:C«SlffltBAi©tI: 
tStiK^Ci^-CSSO-C^CCjfiFaL/t*. CoFe^ 
&ctt*TCo*JBl»*»£OCtt* J*s*5«k*2/3i3Cc 
0, */cB2 1K7STJ:5«:2 7 1 B$RB«}#fiK 

B£>K/f ®H#C o F e^O»^CCj:b^TSfc< &S. 
[0 254] ate, »»IS£«<Datffl¥»tt*>, ^<£>E 

40 X. 1 Onm 1 efi<OlRffirt©a^««CCt:, a^*g^ 
[025 5 ] ^9CC^fiftttBA<i:5Sffi14BBO®/lCC*f 

tSXf^j^iiffitiiRs, ffiigin^bAR steJ: 

[025 6] 
50 [*4] 
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39 

Ta/Au/CuMn/Bl»ttlA <CoFe) /Ru (0. 9om) 
/BHBttHB (CoFe) /Cu (2. 6nm) /tt{fcB6H 
(C o F e 4 nm) /Ta 

sisas : 2 7 ox:, mra 



BtatiS A 




ft ft *Ht * 


* n « m fia 




ffS (nm) 


ffS (nm) 


AR/R t%) 


Re (Q) 


ARs (Q> 


7 


7 


7. 2 


7. 5 


0.5 4 


5 


5 


8. 0 


9. B 


0.7 8 


3 


3 


8. 6 


1 2 


1. 0 3 


2 


2 


8. 4 


1 4. 1 


1.18 


1 


1 


8. 0 


15.3 


1.22 


0. 6 


0. 5 


S. 9 


16.6 


0.9 2 



S9rt»6. »attllBi*Batt)lA©IW»ttl — 5nm 
^^aJSfSS^WSrf**^*^^* L< , ^lnm 
- 3 n m(Dli« 2 2 CC^S ftfcfl-BKBESMC*t 5c 
(+600 O eO^^*fln^"C*>tS!nC>iSTA s 

>/^;U^K<0ffilSta<D««:J:t«|-r4©r, fflKSft*** 
Mt^wr teffiffiSW/js * > ^ ° t tH ^ * S & c 

[0 2 5 71023 tf&fi&ttH A<D|RJP£ 3 n m—fe± 

[0 2 5 8 ] 02 3tC^?>n^ct OCC, aitfiBEffiBAtSft 
IttlBOiaifi^KT^i, + 6 00OeCD 



**fcESD«:J:4»{tH»»©WlS»Z>WI«B. 

[0 2 5 9 ] — 5^H41A £tt«1»B<Z>ttSllW 

frieze, sattllBCDffi^Jl^^mffiJlACDeMK 

30 y*^F«tS36W*Ott«>*«E"C**. 
[0 26 0 ] 
[*5] 



541 0 

Ta C6nm> /AuCu <2nm) /CoFe (5nm) /Cu (3nm) 
/MMSJBA (CoFe) /Ru (0. 9 nm) /««ttJBB (CoFe) 
/I f Mn (lOnin) /Ta (6nm) 



att&BA (nm) 


*S«tt»B P?3 (nm) 


»tft«fl:*AR/R C%> 


3 


a 


7, 3 


3 


2. 6 


7. 8 


a 


2 


7. 7 



■?n. Co. CoFeWN i F e S:fflt>"C, 
<WHJB«CCu*flnr»fc«£«:tt. ®8BfflIB<!:5£fiB14li 
ACDSB£llSJI©Jfc£0. 7~0. 9 ^C|93£ 0X3^6514® 



[026 1] 
[«6] 
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SI 1 

Ta £5nm) /a&BM/Cu (3nm) /3HBftfiA/K u (0- 9nm) 
/MttlB/lrMn (lOnm) /Ta (Bnm) 

MB&W-l. 3 urn 
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asuwit 

DffOA /{Hl-t|B 








@*ffift 
EfctEE 




0- 7 5 


CoPe(2m) 


CoFeU. 5na) 


CtfetSniO/lfiFeU.Siii) 




7 0-V 


0. 8 


CoPett. 5m) 


CoPe(5w) 


C&FeUuO/BlFed.Sin) 




7 6V 


0. 83 


CoF«(3w) 


€o?e(S. 5ia) 






70V 


0. 85 


Co(2ii) 


Cu(l.lci) 


Co(a 6eiO/J(iFe(4Ji) 




70V 


0. 7 1 


CoFett. 4on) 


CoFc(1.7ni) 


CoFetlBt)/Mire(>Bi) 


65V 


7 5V 


0. BB 


CoFe(2.4aB) 


CoFe(2. Ira) 




66V 


7 5V 


1 


CaF«(3ra) 


CoPeC3Ei) 


CoFe(4an)/HiPe<Uni) 


60V 


7 5V 


0. 667 


CoFetSrm) 


CoFettsi) 


CoTe(3u)/llFea.5u) 


55V 


75V 


Q. 93 


CDFttSni) 




CoFeU«ui)/KiFe(lM) 


66V 


70V 



fcSSOfch***. *<D«8B8t#<t>J:k H (current) . / 20 
H (current) A ^ «9lKff(Dj&Jt. (M s • t ) * / 

(Ms • t) B i««-HRr*fcab«:, SSK&BAiSS 

{ (Ms • t ) • H (current)} A - { (M s • t ) H 
(curreent) } B 

[O 2 6 2]023 tC^Tct^CC, 3SKttBA**3 n 
m, 5£^ttJfB#2 nm-Cabo"C, tE-oT (Ms ■ t) 30 
B / (Ms ■ t) * =0. 6 7 

|A t 5£ffittliB£ fc 3nm<Dl5lE (a) Jt'* 
H UA * ^fiTl/v raoT»{bH»S©»«M£M6T 

< Ufc»^0ctt* 5S»tt)BBfrcttIt>4R3jtaBEtt 
SSBtcflnto*<Z>r. 8Wbaft«i»<bH««i®«fb 



[0 2 6 3 ] #ttte*ra»te«:C tu Au 4 Ag#K 

0 n mgatt*h«i*ftK:||Wt* »Cc#»IH 
O^f >^Jl/^KX!tt» 1. 5nm— 2. 5nmOil! 
«H*«, WbH«»i«fbaaJB©IBKI^T*5IB»tt 

[0 2 6 4 ] HMbfiaJBKtt, CoKoFe, CoN 
i. CoFeNi&iWo^, NiFe^J/dJ 

m(OiliCo*AOfcN i Fe^#ffll>6h4. *b 
T&{bS *@CDKW«, 1 - 1 0 n m*s»* 
[ 0 2 6 5 ] » 1 2 »«t:ffl (HMbHWB) <£>J5^ 
£2. Bnm-^il, WbB £«fiiSMb* 

*t»a«aE{b**»*fcst>ccwtc»* 

[0 266] 
[*7] 
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ff$ Cm) 


(m) 


©{tB*S#C o F e 


Co$tt£A/£NlFe (X) 


1 
2 
3 
4 
5 
6 

7 


2. 5 
2. S 
2. 5 
2. 5 
2. 5 
2. 5 
2. 5 


6. 2 

7. 5 
7. 9 
7. 8 
7. 5 
6. 9 
6. 6 


5. 7 
7. 0 
7. 2 
7. 2 
7. 1 

6. 4 
6. 0 



Ji©5KK1SJBA©»S £t6in^{b*AR/R tom&Z 

Itg&momfrt (F) i^ttJ!A<DJl^t (P) i 
©fStC. 

-0. 33<{t (F)-t (P)}/t (F) =£0. * 

XI 3 



* 6 7 

[0267] 
[^8] 











t (F) 


t CP) 


AR/R 


(t (F) - t (P))/ t (P) 


<nra) 


(nm) 


(%) 




4. S 


1 


4. 7 


0.7 8 


4. 6 


1. 5 


6. 9 


0.6 7 


4, 5 


2 


7. 1 


0. 5 6 


4. 5 


3 


7. 9 


0.3 3 


4. 6 


4 


7. 7 


0. 1 1 


4. 5 


5 


7. 3 


-0.11 


4. 5 


6 


6. 8 


-0-3 3 


4. 5 


7 


5. 9 


-0.6 6 



«fflttfflA£WBttBBttCoFe£fi 
MfflttBB«>#««3 nm 

#gJgfC»Ta. Nb. Zr, Cr, Hf. Ti. M 

■©Mb*. WbfttttfWBi^fcft*. »ccawb«rt»fi 

-fb^-Cl*. WittfN i F eBMttB. ^kT^5, 

^BWttta i'©«*s$x©«S)S* J . *t»«ts»b**» 

SfctfXCffSOb*. *©BW«W*.tf0. 3~4nmi 

S_tCfii8St©* » 5- > * K * SOT 

Ae, Au, Ru, Ir, Cu, P 
t. Pd. Rett£©*&H*f**fc«*&*»*fctt 
flMft*. W*tfCoFe«fbeaJB©»^K«. Cu 
/Ru, Cu. Au. Cu^ifti'. N i F eHtS4 
Jf©i§£-K:«Ag. Ru. Ru/Ag, Ru/Cu. C 
u&£*««KKJ8fc»-CfcJ:t>. 8Mb*. »ttt. 
J8SEK©±«: 3 6 K T a & i* ©WfiCiWBIR*^ ^ 

[026 8] »WbH«l£»{beSIB©»fb*fi£3tf 

acite. &©#BtfcJ:r»T*«rc&s. IP*. 



ttJg 143*51 rMn, RhMn. RhRuMn&i*© 
T-MnlS©Mn V ? ^£&©*§£tt. Xfc'^-'^l/^© 
j£K£tT HM^H 1 4 4 2 £t?©J&K£X tr 

ifrcff o fcftK • JS^KttJl 1 4 3 ©£&*§£; 

SSIWjisi*— ^lajKjfjiis/t&KJ^afctt-r. fete. 

C<D%j&ffi\£M 1 4 3©£&*£^''W7;*$EfWfa£:— 

*>«fct,>#. Ru *£©*«»£«#* 9 HMbK5ill»;fc 
5atU£-£l§ 1 4 4 2®*-Cfi£^Ufc^*iJ?S Ll>. 

T b J: D WuSStc-C^lffl. ff* t, < » 1 0 $MUT© 
JSBM. 5S*KSi8BlttJBB36««MlWS«JM , "t?!f5Ci 
W^.tfTb*S3 0 0'C©I rMnt!J3 5 
O'C-Cl^fiKtf^. 

[0 2 6 9 ] &«C!/-**-r4C4tt<. d>&<&*>« 

so {c®s«rftn^.-c-e©^©x tr>/<ji/^*-7-©BHR*tf 
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5 0 KS&S&ttB 1 4 3#P t Mn^N i MnGtfBH'Mb^ 
r-Mn3fi®K3£»14B4ra: 

£*tta<. *©a(o(ftteffi*2oo'C£i±<DiSs, w 

*L<tt2 7 0-3 5 0-Cr»WHBL »*U<»1~2 

[0 27 0] ft*** l^ft<DK5MSH4Bfc* AV^'Vl' 
fc-Ct*. *©«£0C«, ®Si*££B 1 4 4 2 0lS^i8 

SSfiKttBAJt* Co F e 2 nm/Ru 0. 9nm/Co 
F e 2 nm<MI^ Ru©«^iB»ttfi6 kOer*S 

[027 1 ] £l±<D*ffitC J: 0 % ttfbQ*B 1 4 4 

h*Iol«:fi^-CU*^. »{bH»B©fiWk«!:S3tStfS 

u^* h**TXSK:*si>T, i/-jUF-t , saffc@fiB** 

0 0 — 3 0 0OelI&£Jjn;l"C. S'-A' F*>flWt@SB 

[0 2 7 2] 01 7GC^U/cT^ F^^3>^^7' 
©JfrFflBft. BP^s «ftSSB©h^ 

-fT ^»K8W«tt««iLtfC r^Fr C ofc<!f©TJ* 
(D±(CMU/cC o P t -^C o P t C r *4l^tt 

5SBStt/i 1 5 1 ±j&mmm 1 5 2 4iH*«Bo , r3*» 

ISfeBft'^ FfbL/cfc<D#JB^6tt*. 5te*cR8IH»ttB 

1 5 2*fi2KL/"C, ;XKtttt&{Ml 5 l*SHBl,T*> 

^'&<D$k F ^ * #te*fo£LT* F ^ v 2W$rC<0 

»T4«/W7*sMBttB> bp*. wsstsuMfcttK 

tL (Ms • t ) lB / (Ms • t ) F Sr2aT(C«llf 
£C£#ST3:LC>o Wtg*B^2^ 5 n mil, #>&l> 
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tt»»8l/rc3--6 nmTgfi*T«<tt&£* (Ms 
• t ) lB / (Ms • t ) , «:2£iTCC-ri/cai>CC, ffirt 

a t Tmmm < a o , w*«a«uRirc 1 

2nmTKTiftS. 

[0 2 7 3 ] tC Mte«»ttttBt-Ctt 1 0 n mil 

lT©CoPt§W«fl*Ctt, 2 0nmJ*Ctt. 2 0 

OOOeOlBfiSSflyjTftofcfe©**, 1 OnmTOS 0 
OOeKfiTTa. 

s # 1 TCDN i F e L 7 n m/P<D I r Mn £rfSB L/cfcffi 
^-f 7*B"C«. 2 0nmIt8 0Oet**?/cS»^ 
#1 0nm»rttl 6 0OeK*r**T*. CO 16 

ffioT»fbSSB<W*3#ffi«t s ««L 0W.tf5nm« 
[027 4] S Sffifflg 1 5 1 /J53£68teJg 1 5 

20 2^/WTxjrct*, ?s«ttsi 5 Kommmmzm 
lSiiitttNiFe^riic^ <fcD&*amfb 

OAtONiFeCo^ CoFe^ 4 Cott^ 

JH£ffii>T, Tic MiMB 

30 [0 27 5 ] fcfc, HI 1 7 -CB* fV^U^JK^aB*!* 
TtfiBl 4 1 itxy^^^ilttA^. L^OSS 

»ttB©JSStt*fi»K:«^/c«>ectt, 

B i 4 3*eT*?*->yi/t. *©3aft^r-Y^*a 
F«Wtto»<-f rxB*»ic 

^HBEtt*|HB<3Wfc**rx:y*>y«:*Tl/r 

40 ^CDiCC^att^ 1 5 1 /%3m&& 15 2*664* 
rWT*B*tt^OTfeJ:t>. ft**, feS^K#0/c2si> 
tc. *Si»tt»ffcH«B*SSS«ttB 1 4 3 i^V7 

xB4o»«J*^*a«>sfca>cc, ssfi&fflKi & icot 

te. T«6@ 1 4 3 4H«CC*:< »C»TJftB 1 5 3 SrRW 
TfeAO. »{bSftB4«^-f TXBiOfiBESttS^iS 
«*»/MStc±abSfc»tc, Ttt6B 1 5 3©»*« 1 0 

[0 27 6 ] Bai«ttBI*fflC>«»^«c*> % [m«tcig{b 

50 l>. LtPlss CoF etti*©iBt>iaffl»fbeSBfrcE* 
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[0 27 7] 1 5 2 tctt, X fc* WOl^lgtt: 

gTb£gft6i±T, «l^Ciec»Tb*WT*5*»te 
B0ft*'< -f T £f&&SK J: 0 b /cm, 

^SaV 7 xi^^^t ^ c i i 9, St><D£ 

[027 8] *fltfj«:tt, SaUKfflR 1 5 2 fctt, P t 
Mn^PdPtMnft£<D^ffiK<fcO, H UA *:lfiSW" 

asttattwctJ:^^ »fbH«B***c5£ft»ft"c*h 

ffiffl^#£>Tb**2 0 0-^3 0 RhMn, 1 r 

Mn, RhRuMn, FeMntci**, XV^JWfm 
©SW»tt)Btctt*n J: 9Tb #*fc>KBa»tttt* BP 
^, IrMn, PtMn, P t P dMn^^W^ 

fill 5 2©5E*>^T*2fraJ* h^*#»B&|p»CJS3£*C 

tr >BMb3&ssiaR«:ssfb^ zumzwair £ c £ cc <fc 

FeMn, RhMn, RhRuMn, CrMnPt, C 
rMnftitfflWi. S&^g#^ft/ci&R:, *t*> 

n£e£C*£r<, ^t*>^u^HI©S«8flrt4JBl 4 3tc 

-fbHMfia^rajiiBSJStti^i* 5 ^**- 

[0 2 7 9]— @2 7tCmTJ:^^ ffi{bS&@<E> 
#tti<m>fiaBMt 1 4 7 * v *>£/|»*L, 

B8{ba*HR:«^-YT^*a**Ci*«"C*4 8 IB'W 
T*Ji 1 5 ttS&fi&ttJi 1 5 2 ^(DTtflii btfi&tg 
*»4©3tlB^^*««&4fca>0^^7Tlil 5 1 1* 
/rr4C&>Wff*l/t». CO^^rll 5 1 lttF 
e, Co, N i & W66SJS8tt«lt*SC4W8F* 

J53£88ttJI 1 5 2<D»^-YT*©«^£HHT*a. H 
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^t^*fflC>^>W7*5?5SU\ «W»ttfiC&3£© 

ffiT£3 I * «gc Ufc D "T S C i ft < , # ^ > ^ 

[0 28 0 ] (5UKOJKJII3) H2 8tc*«W©»3* 
J6»JB*?n'r. 02 8fcfc0 2 1 «U**tf 
jfijPSftS. 027tC*>OT, Tft ^1 2<D±K7f2 
JiS3tt/c*tfWW:/BU 4tt, Ta, Nb, Zr, H 

f ft £<Dff S 1 - 1 0 n m©#«ttT»B 14 1, 
10 {C(B0t:»*0. 5 — 5 nmCD^2CDTHfifi 1 4 2, 
{tSftll 46, H^O. 5 — 4 nmCDtpWH 1 4 5 % 
i&<bH«Jf 14 4, K&fiK1£B 14 3, i&BfcJ&DT/S 

3 0. 5— 1 0 nmCDffigM 1 4 7#>6*tJ&Sft5o C 

ccfiMbS*B y-B) 14 6, tpmm i 45, i 

{bQ»B 14 4, J53®S8ttii 1 4 3 temMBl&2 

[o 2 8 i ] rmm 1 4 2tc«. au, cu, ru, c 

r, Ni, Ag, Pt, *WiRh, £fcfct^*l6£:£ 
flE^ir-S^ftffl^Si. W0C«fbe*B«:C oF e 

[0 28 2] 027 tC*$OT* 02 1 tmO~ MQM^ 
^7^115, — tt<Dmm 1 6tC<t0^t>A;l/^l 4 

-ecD±tcs2 i traa, ±*> ? ^117, ±^-;u f 

1 83WI«8h4. 

[0 28 3] (HffiCDff$PJ4) 02 9»*%BJ03 6CC 

jSCC »B 0 *> CDT?* 4 . 

30 [0 2 8 4] 0 2 9tC*5Ci"CttHJSjeJ82©BI2 1 *5 J: 
y^J6»JB3©H2 7©»^^BI«*c, Tf-^ K 1 

— *tCDm@l 6, «^-/7^11 5, Xt*>^^ll 
4*>6ft4^fc*>^^* J Fl 3*sjKJsaE3ti. ^<^iCc 
±^f-r^^l7, Jb^-;uK l 8»JS3n^ fl 
L, «ffil e<DBIBI^^tr>^^^IBl 4©W@2 
1^12 7 iiigft^o 

[0 2 8 5] ^f>;^il4tt Ta, Nb, Z 
r , H f ft Stom^ l-10n m©*»ttTtlWl 1 4 
40 1 , skJStCJCBDTWS 0. 5 — 5 nm(D^2cDTtfiB 1 
4 2 fc JS?$«KttB 14 3, fiSfbSM 14 4, 
5-4nmcr>ctiFi@ 1 4 5, WbgftlS14 6, ^5 
0. 5-4 nm<Dm2<D*Pmm 1 4 8, H2(Dffitfb@^ 

ii49 k ^2cos?s^tt@i 50, jjawcjtor/es 

0. 5-^ 1 OnmOSHRl 4 7rt»6«JS3*i£. 
[0 2 8 6 ] fiaib@»B 1 4 4 iHtifl 1 4 9<D'J> 
5r<4t-*{C l 01 7i[^D^6SttJlA, fiS^^ 
B. *8BtttBB*»J&tt*SBBWbH»B*fflt»*, 
T 1 ) S5{bH^Bl 4 9tC«SyAFBBE{b@^B, f&it 

so h«b U4(c [r^comm m< m^m<Dm^-t>^ , 
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2) aWcffltffcHttl 1 4 4K0:SyAFfflMb@»B. SHE 
{fciM 1 4 9CCtt«63|W>*IBaifcil»BO«*^to 
•fc*\ *S^tt3 ) &{b@«H 1 4 9 £$Kt@SH 1 4 4 
£ fcSyAF »<bH«B©tt#£*>-t* fcffl^ S C 

[0 2 8 7 ] «/i-Y7*Bl 5 8l*fi>47^9 hvM- 
>*^a>*4:7©*^»T?*4#. 0 17, H2 

7, mzstmmtm^^r^mi 5*y? h*??*, 

• 1 5*»SWft©«:lBbT, *t>^^«l 4CD* 
?*->^Bfc**d>&< ife*tr>^l/^Rl 4Q2S^ft 

14B14 3*si rMnOAiftr-Mn*^©^ 
tt, JSSS^ttH 1 4 3 <Z>--8B4*J>& <ifc^tC tifiiff 

[0288] h ? * ^««ep(caj«#»*»-j- £ , 7'< 

Xt*>^Vl/^^l 3^3Hb-?>T< . ccD?c^#mm 
tc*H/"C*l^!? F#3Ha"C#4. £3tft* F^*#<§4B 
SPCD * fcT > )V -fm<D-r^<X £ X ? > L/ 

-f7XJl£7I5f£UTfcJa><, 

[0 2 8 9 ] nmi 6»K^-f7Xli-JSl/t'J7 h 

*b©hh^«— a**. Aa^ttBwa**^-* 

7*Wfcfi&itt#»l/T, ««MH*»rW7;*B©lffl 
*cc«^^7*«cc«KBBte)l*St^*»^«:tt, 

mntt&B** 6 <Dm8m&<DB^znm t * t* > jvi> ? 

- u -f FflKSttSflSH 21^027 <D*fteifi5?JK: fcJifB 
[0 29 0] (IQfccW&ttB ) 030 »#»9I<Z>3 6CC 
«C fc S£ <H5«rt"> ±tCT5^-^ FfciCTF+lr v 

R 1 3 O h ^ ? ^(BWiStctt— »<D»^>T 7 ^@15te 

r , Tan 15 3, mmtm 151, ss&fi&fflg 1 5 2 
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[0 2 9 1 1 m@l 6BTa/Au/Tafti*OfifitS 

DttK^^7*»H»HMDJ:i9fe*<»JiS3ti 1 Xt' 
V^jl/^K 1 3 16«F7^ £*BH48ittttTffllS 
Mrr*««**"r£. «/'?-Y7XB-?>«S«a« I J7 H 

XgtffiSllfcfc 4**. »tc*if»lS©«flBI5RSK: W F ^ -Y 
[029 2] i^VT^Il 5 3&JfffiEl/ttt»««l 6 it 

1/1 o«T©»&«:tt, S6tcxt'>^vu^cD^b 
a*Bl 4 6©«ffc3W*#»»3Wtta-tfCi<Di#, F7 

20 ^££„ 

[0 2 9 3 ] ^6^Xf>A;^Il Stnmi 6«H 

ffi«««*«a»©7^ , « * h z>+ >*va >*5SiJ;b^r 

[0294] C CT^fMB»B«**«>afc«>KII* h 

30 IH> BPfe-'W h*tn£LbK:Ka)5citti)i«:&S B 
B*f5J:<«Jt-ra±"C»*l/^. *(*W(CB, F 

HSKBHDtL D J: 0 4>^:* < tftST^ C U 
[0 29 5] -e<D^ 1 (Onma. W*ttf 5 * t">^JU 

ta^W^^CiOCcfcoriEligSn/Co il^CD SyAFI 
»BrWH*BB* J «£**B©a*fcH»B J: 0 hm^>(D 

SI 5tc*TJ:5CC v *»W-cttmfcHBB©«*. # 
«tt*nB*»<tCW»{bS*B©»*©6tt* 1 4 nm» 

WTOCfflJ^S CiCCfcO, 1 6 Qfei±CDil5C>ffitStrLi 8 

[0 2 9 6 ] 
[«9] 
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*t:>/W7K*lfc: T a (5m) /A u Una) IrMn HuaVfcKfeWB/ ttftlSSH/ BffiftJHA/ fRMttftV WtBftB/ 7 a 





8<t*S£JB 










Rs 


AR/R 




*3 (as) 


i*S (»> 


S&*(oa) 




fcUfcJHPS (na) 


(0) 


(S> 




RudHfoa) 


CoFe Una) 


C u (2on) 


CoFe (ISoiVNi Feasn) 


19 


J8.5 


13 


CoFeU.Son) 


RuflJitai) 


CoFeUfli) 


Cuttw) 


CoFe(I.Su)/N i F e Una) 


10. * 


IS. 5 


U 


CoFe (1. SdoD 


RuCMtoi) 


CoFe(!u) 


Cud Bui) 


CoFe tan) 




IB. 5 


9.1 


CoFettni) 


R u (DL fell) 


CoFeHoa) 


Cu(Iaa) 


CoCloi)/Ni Peftna) 


12.9 


16.2 


19 


CoFe (I. iuO 


RuOLtai) 


CoFe tl.Sim) 


Cuttu) 


C o Clu)/N 1 F « Oan) 


9.9 


22.8 


11 


C o F e (Ini) 


Ru(D. 9oi) 


C o F e (J. 5m) 


Cu(hi) 


CoFe <3ia) 


10.4 


19.4 


ia 7 


CoF* (2m) 


RuOn) 


Co Fed. Sbb) 


Cutt SuO 


C o (lni)/N 1 F e (4u) 


11 


18 


n 


C o F e (2. lun) 


Ru(O.Sbi) 


C o F e (!. Sat) 


Cu(2m) 


CoFe(2n>/Nl Fed 5m) 


14 


ie 


17 


CoFeCtai) 


R u (Dl 9di) 


CoFc(2di) 


CtiGan) 


CoFe<lu)/Nl Fe(7na) 


1U 


13 


6.5 


CoFeCtoi) 


Ru(D.9m)i CoFe(Ju) 


C u (too) 


CoFe<3u)/Nl FcCIm) 


14. 8 


12 


7.2 


C o F * (1 >&■) 


Ru(D.(db) 


CoFe Una) 


Cutt Bra) 


CoFe(lai)/NlFe(7na) 


16.8 


14.7 


7.3 


CoFe(Jci) 


R a (D. Ton) 


CoFe (3m) 


CuChe) 


CoFettn) 


14.7 


12.5 


12 



[0 297 ] * 20 * t* 1 0 ^ 

* tf : T a {SnD/N i F e (Idd) P t M n (7. 5oa)/aB£R B/ ©fttt^i/ MM A/ *B#afeJ#/ mfcS fifl/ T a 







ttS&RA 








Rs 


AR/R 


9$ (n) 


SS Cm) 


J*S (IB) 


JlS(oa) 


*Z dm) 


MftiHM («) 


(0) 


(S) 


CodrnO 


RuflUnO 


Co(2nn) 


Cu(I. 5m) 


Cotlni)/N 1 Fe(fai) 


10. 4 


23. 5 


1 B. S 


Co (ZmO 


Ru(Q.9nD 


Co (ton) 


Cud. 5m) 


Co(Q. 5«)/N LFe(2ii) 


9. 9 


19.7 


7. 9 


CoFe(2ca) 


Su(l 9nD 


CoFeUoi) 


Cu(Mm) 


CoFe0m)/NiFe(2ia> 


&. 7 


18. 6 


8. 7 


CoFc(Ia) 


R a (0. 9ai0 


CoFe (2n) 


C u (2. 5m) 


CoFe (3m> 


10. 4 


18. 3 


9. 1 



[0298] c<D£5tmnoAK>^)i-? , mzm^x 

m&Wg.it^Wfrf hlcfoitCU, 1 ) ®fb@SflCQ5i£ 
ffittJIA tm&!&MBfc\X fee fB^^ft C o F e , 
CoNi, CoFeNi^*fflWCt, 2 > OffcS 
G»k:*>d>ft< ife*IB#«tt»iOWHifi««:J3:C 
o, CoFe, CoNi, CoFeNi^W^C 
3) KSSHKfflRKttP tMn, PtPdMru Ir 
Mn v RhMn, R h R u Mn & ZOM&fSTt^&^tf 

[0 2 99] HDZLD£Vi>*$ <m£?Z>m'£<Dm 

h3?w«:»^bS*JB©swb3WW*'t , -r< fto, -eo 



[0 30 0 ] Sft0»JiUr, 1)HD = 0. 5am, L 
D=0. 45jLtm. HMD = 1 . 3 n m, 2)HD = 
0. 4miik LD=0. 3 5 m cq , HMD = 0. 8/im 

[0 30 1] ft*5, 02 9&c(iES{tS4H<bStgoratC 
[0 30 2] (j6J6CO}|5«6) H3 1CC*»W©3 6«: 

5 3, IrMn, RhMn, C r M n ft E<DJS&AW8cM 
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152, CoFe, NiFe, C o & £<D?S»ttlK 1 5 

[0 3 0 3] C<Z>±OC^tT>^^^BIl 3*SJKRS3ti 
*«JI*»»Ktt<bSfilB 1 4 3 fctt^rr *fc»lc, » 

4T*m \ 5i«fba*»i 4 3 i*jffifii/*<r*c 

&a««fcO#*lA>. ®{teiHl 4 3©THS11 4 K 

[0 304] X 1 3 <0 JbtC «— *t<D«fli 1 6 

[0 30 5] *ft*»©»»5CCT^bfciRI«CC, H 
Dt*LD . fl"OHMDJ:"3/hS<-J"*Ci:K: 

«fc<«rc*s. »{bH*«. a 

[0 30 6] /c^6„ 

tc, *«W*^*lllfiJI5l»K:MS«g"CHMiLfcB«ltc 
[0 3 0 8] Wttffi<0^tT>^^^B! («T, SVii 

[0 309] ( 1 ) WHMfeWBO (WKfilJH^cHs^T 
[0 3 10] (2) W£®£^<*9-Ii©fa±£EI£-t 
[0311] (3) Jt«B^*ttMR*fb*W»6*i* 

[0 3 12] cne<osvR<DBII«:ot»rfciT«:*jfi 

[0313] ( i > mm& 

S VROfflfiBEIB©— MWttflllSSi ^rti, N i F e (K 
nm> /Co ( lnmiS) WiFe (ttnm) /C 
oFe (lnmgg)^6nt^„ COi^ftSB 
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A SrfflC »fc S V 0tfl|jft <L U T J* , 

(a) Ta (5nm) /N i F e (lOnm) /Co 
(lnm)/Cu (3nm)/CoFe (2nm> / I 
rMn (7 nm) /Ta (5 nm) 

(b) Ta (5nm)/Cu (2nm)/CoFe 
(3nm)/Cu (3nm)/CoFe (2nm)/I 
rMn (7nm)/Ta (5nm) 

[0 3 1 4] ±KLfc<t5ttSVIirctt. 2 5 0'CX4 
o HSSO^'a-feXT^-^ta s-dep o B^CDMRfit 
K»UT«»tfrCifc2 0%JiU±*>OMR^b^Gr u 
£5, (a) CDSVSir«as-depoB$CDM 

RSft*6. 4%** 2 5 0*Cx.3H©7--JM£frCW 

4. 7%i a s - d e p o»{C»UrtB»tk'C2 0%fel 
±t^tUtL*5, C©r--JUXStt-^y FfPSLb 
^*tCi©-C#ft^ISt*S. fc. N i FeM 
■ il/tffllWftOi (b) ©SVRrt, as -de 

po»OMR»WB8. l%T'^^>CDCC*fU-r, 2 5 

0'CX3H(D7^-M^Ui6. 5%ias-depo 
>0 B#iib$5LT^2 0%CD^b^DS o C<DJ:5ftMR 

w©^t*sflBM9tt*»ttcc-r * c <t < & 

[0315] OTSftfbCCftWto^^* FTtt, cfcOi© 

&J;5«:«SE*'rK:»6*i'C(r>4SVBrt?tt < as-d 
e p oB$tC»64lX(r^4MRX{t**, ^ * FOfHHX 

S. cnttl OGd p s i&Lk±i,>Jz*>l3:Kta&!&te*t 
30 j£3tfcMR^7 F*HW&"rS±*N «Pi*>W%btt 
ft tf ft 6 & c > WHIT* ft & o 

[0316] ( 2 > ®W»*©»aJBCCct 4MR9E<k»© 

H5MR*{k**afiRT4fc»K:tt, ( 1 ) TTjNb/ta s 
-d e p oBStc»6tiri>ft:MR*ft***i^cH2^a 

*fffl*C^fCLT±tf feU<Bas-depoBS 

r a y & # f- > > + ^ <dm r ^{ b*a*» 6 ft t i > tt < r 
i»^o-fe^afcca»aMR^b*3W»6tiiJ:9a 

[0 3 1 7 1 GMRMB, «^©¥«aft?fflJ:D 
StalBHrttiai^/^attH^aiBlBOHK* 1 *^^* 

*3»^#<ttS. L/3^L/tt*6. SV]g«Jj§(DJ:5K:, 
HKKC^v Ft?ffll>6nSGMRlR©«Jfi*C*yC>-C«, 
»{bH»)l/*^*lfflH/!««IBil^/c^-9 F 0 

[0318] cn^i-c &&#r&fc&Ki§»£tf 
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WiU* «OT«:4r>-C©T»3W*«tt*IIIIIBitt4D 

^«SAttt***T:«ja3-&*CiB«L/^. 3 6K, 
±T2^CD8WtH»»*fl9t i fc»^ Ch6 2JB<7>HHb 

4. 

[0319] *c-c. saEUfflffcsnTc^&saifiWSiK 

[0 32 0] fl^BGMRjS^S*^ v V CD±TBT 

[0 32 1 ] ±E0fcS»»»-«W* S V 6 
•T, D-SV*K*t»TWW«6»-r*. fc/cb, B 

[0 3 2 2] JbHiL/tJ: 5 tt«MSI*«6**«« 

fttcfMI L/cS Vig4 U-Ctt, «TK5W <fc 5 ttt> < o 

[0 32 3] (c) Siifi/NiO (5 0nm)/ 
Co (2. 5nm)/Cu (1. 8nm)/Co (4n 
m)/Cu (1. 8nm)/Co (2. 5nm) /N i 
O (5 0 nm) 

(d) Silft/NiO (5 0nm)/Co (2. 5 
nm)/Cu (2nm)/Co (3nm)/Au (0. 
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4 n m) 

(Ref.J.R.Jody et.al-.IEEE Maq.33 No. 5. 3580(1997)) 

(e) MgOlS/Pt (10nm)/Cu (5n 
m) /N i F e (5nm) /Cu (2. 8nm)/Co 

(5nm)/Cu (1. 2nm)/Ag (3nm) 

(Ret jn»«ttfl6, B*&m¥& i997^mm^mm 

«gpl42> 

(f) Silffi/Si 3 N, (200nm)/Bi 2 
0 3 (20nm)/Au (4nm)/NiFe (4n 

10 m)/Cu (3. 5nm)/CoFe (4nm) 

(Ref.D.Wanq et al.,IEEE Maq 32 No. 5.4278(1996)) 

[0 3 24] ±K (c) OSVIttl ±TMH<t4>S 

Niowawb«s««-cft*iBi^*^ saaatt 

20 Jgrk£>£/c#>, N i OCCgLTl»aaS)B©5BI{b*H 

sf-riaafea^^trt^. ±iESfiS«D-svMt?^> 

1 B GWiTc fe KTOgtffiSWkm 6 n a £ 6 n 

[0 325] *r, N i 0«SE»IS6*36«a< *ffltt** 

S*j*tt#*So 3 ±Btc»Mb»B4flH»4*l^ 
30 CU*> N i £/c+* ^BiOTJSiJOBMbft 

tli^o Sttlfitfi(D»*ttES-D (electro static d 
ischanqe : WtKM) *5 1 U^T < ft Ztc&iCW. 

*L<ttC^. 3 6CC, CoFeSMWKffl^^ 
CoFettfcc (111) Efii3tf &Whttft»tttt 
«tt4II^T?*&l>Ci;W#;fr^-Cl>4. «SSBB#TB 
CC&g-r^iS^^, JB«B<DT»4l/TWb»B*fflC» 
SCiBCoF eiCiotf cc (111) EtfUW* v 

40 114 as. 

[0 3 2 6 ] (d) ©S V«r«T»B«:N i O 

SWBIitto-CC^. *fc. (e) cDSV©rfe(Sfil 

mm t <o * > > + ^a* L/ r is mfi» j»* « i * 
3&s. looastLT (d) oxiRcctt. msm-eom 

so tc, «*«JI(l«lBrtt¥«tt#W<ao, SWSft*^?! 
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a Utt l -r < a o r t /c t #> & £ e tt 3 ti x c - 

[0 3 2 7 ] ±IBL/c J; 5 tt£KR*R3SB«:flH s /c5: 

«SiO««S»tR^S<"C**^-C«W*JY*S. 0 

s!PL/tt3»6. Au^AgC[>J:^a»^flSia<Da*ffi"C<0 

ffl6;fc®R#SVR±KaJ13ft4c4;tf# 

[0 3 2 8]WW1 ^JbFSMR^^ KCCtet^T 
±«HWlS*iS. (d> ©X«KEK3tiX^*J:5 

4. 

[0 3 2 9] SBRK, (d) OSViOAuMK, 
jISffigJ«4 l/T<fc < R0**htlZ>T a M£»)fT& 4 . 

^fflroRBBSIWIllRtsPMLrAiSVRtt, *BR©^ 
^Ifg^if U/c^c^^K)Lt L3s 5/t 

»BWfcSVR4B:»*.ttt>. 
[0 3 3 0] < f ) (DSVRtt <d> 4H«CCAuR* 

•igMiibts^tc^^ cwaairofii* 

j»TB6 < , ARRRI±OR»W , roRBHW«W* 

3l#WL/t&<Z>T*&£<> CCt, AuRfcHiilittTHlJB 

*<D±&Cigfi3n£N i F e tCO^-W 

[0 33 1 ] 0*UtC3&S6. ( f ) <DT»B»*fflWtt 
*j*4tt«*.tt^. "rfcto^ AuKBi, 0 3 R± 
GOKRU 3 5 0°Ct?r^-^*tf 5 4SS?&SW$J* 
3&J5l«Wtt4Ci*3Wffll/'C, /i*32 0nmOBi 2 O 
3 R*TJfi4 0TflH>Tt>S (Ref.C.R.Tellier and A. 
J.Tosser.Size Ellects in Thin Films .Chapter I. Else 
vier,1982 , L.I.Maissel et al . .Handbook of Thin Fi 
lm Technolc»qv.Md3l«flMHi11 Publishinq Company, 198 

[0 33 2 ] 3 fcfC. S i , Os m<DTW£ UT/13 2 
OOnmCDS i a N« R*/BUrtr>4. -3*0, -&I+2 
2 0 nm&(Di?30Ttt&®£AuMQTtt!!4 btffl^/c 
±tc. 3 5 0*CilOlSareOT--^XIl«:iB"Ct» 
ZZOnmilOBWtt^-aiWBWtCC^T*-*- 

$ + v ^cc a s c * a nci* l < 4 & & 
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3 5 0TI4l>5iiSfi^©&&fflra> GMRl§tC4oTS 

*4 as* t>tt??tta*«ac-r«attJB/*«tt*iB» 

£5o COSftttfc4^B<IMtK:ffnfcC o (CoF 
e) /Cu/Co (CoF e) RJMB*B<r>fcS VRr 

[0333] (3) CoFe 

CoF e«*!»«IB4l,Tfli0 4J»^ fee (11 
1) ie[SjLrcT«6H^iifl3T€>C4TCoF eH£f c 

10 c ( 1 1 i ) efis-e. cncc<to*«awtt*Ri±3 

■&SC4*soJ8B'CftSC4Asma3*it:^S. CCT 
feed 1 1) WUcTtfilibtCul^A 

*> lo©KB»5l*T**5flai«:oii-c»±<«lfai3ti 

^HUHll/Co Witt. ±ffi&$BK8^< SViiLt 

[0 3 3 4] (g) Ta (5nm) /Cu (2nm) 
/CoFe (3nm)/Cu (3nm)/CoFe (2 
20 nm)/I rMn (7nm) /Ta (5nm) 

(h) Ta (5nm) /Au (2nm) /CoFe 

(3nm)/Cu (3nm)/CoFe (2nm)/I 

rMn (7 nm) /Ta (5nm) 

±15 L/c (g> ©Rr», CuRttf c c ( 1 1 1 > B2 

ftUTteO, COf c c (111) CuIi^C oF e 

itfee (in) ^ur*»tttt»eir**><z> 

<D, ( i ) HfcM&WSt* (as-depo:8. 1 
25 0 4 Cx4Hi:6. 5% <MRXfb*ttffi#J:lre 2 
0*3)Wt) ) , (11) 14X1 0- 7 4*S*ttI 

30 #>*c£Ofr4\ ^-ru*>SlfllttS:+»K:iBaL/rti4 4 

4lt»- 10 x i o- 7 — + ioxi o-'SK#*as o 

[0 3 35]'86tC, f c ctm4 0tCuK:ft*.TA 
u*«C>fc*£ ((h) OR) «:*>, ( i ) W«fctt*«« 
l> (a s -d e p o : 8. 4%^2 5 0 °Cx 4 Hf£ : 
6. 5% (MRMt*»«B»JtT?2 3W*it> ) . (i 
i) B8^Ati+ 3 3x 1 0- 7 4R»«a***t>*^ C 
uR*ffl^fc»^4Bia«:. s&rL*>HHItt*+*NC» 

40 S0rc»*4ttS^ttd^ 

[ 0 3 3 6 ] ±0B ( g ) , (h ) CD* fcTWW7R<DX 
RD;^->?:0 - 2 e***>rgiJSUTi¥ffiL/c 0 
CoFe /Cu /CoFe 3H-C«ai5l«a d X-^- V 
>yffi4/j:oTl>S/c«>, loCDt:-"^(C/cCo-CC^/c<D 
T t -e(Dfc*'-^fii^:4o/c 0 CCD4^r, Cu±CDCoF 
e/Cu/Co F e 3JlcDf c cBB^Od- (1 1 1) 
^^-S/>^ffi«2. 0 5 4nm*C*0, Au±©Co 
F e/Cu/C oF e 3HCT)f c cEWd -(11 
1) *^-^>>^fil^2. 0 8 6 nmr$>o/Co ajfi-T 

50 cn^Culfc^AuiOd- (111) 
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(111) »^ Au±©**"f SfSd- 

(111) x^-i/>yf^b<^ciW^ 
tc. 

[0 33 7 ] C©i5K, CoF eH^&ttilfiSBIi* 
JBl>4»^ iJcfcc (111) EftS-e/cTtiWii 

iSftt^of c c ( 1 1 1 ) KfaS-e/cN i eoF e 20 ± 
iCC oF e&f&mis. BBffiWCCltBWON i F etCjzK) 

m&m±&ti;xmm%:mfcirz>ffim. <±BBbfc (a) 

[0 3 3 8] JL^L/cJ:^CC, Se*<D^tT>^^iltt 
[0 3 3 9] */c, Xf>/^l/^«©MR^b*OlSlJi 
K*«iO«f*ffi!nC0ifcAcCcJ:0 ES D 

fcccrc*-*fc. -c©i5ftci*>^ s^-wasv^* F 
[0 34 0] $ etc, ^tr^^^ii/^BloecSttSlfttt*!* 

»4±r, CoFe^ft£*>6ftSCo*l»tti©B 
[0 34 1 ] ^oc, *BBS««*«cJ:5^fcr>^^K 

[0 342] *S6«JBJBttC©J: 5a«W«:»ter*te 
aMCWPISft/cfc©^ «|^P-teXtcj:SMR«Ftt©(S 

^ *fcj|fflttft*«Lfc±rJBBSI«l!i*K:J:'JMR 



0 WPB2 000-137906 

78 

[0 34 3] tTF* iaL/fcBHISIKftTafcatXD^Jfi 

[03441^32^ ^mommmnmm^- <m 

ISHUKte^r, ltt»i©ttttH, 2ttSf2©»ttll-c 
*HJi3*/l'l/T»J13*vC^£. » 1 te Jr^*2lK14 

■ l. 2Wtts«i8Bttis^Lr*56-r. }m£si<om& 

[0 34 5]»lfcJ:WW2O«14»l, 2tt*W*.K 
C o W**>C o ^CDcfc ^^Co *Stf9SfiBE14f*frC J; 0 

«**CC** ^#3tcMRa<b«*«» 

[03461Ittil, 2««Co^iUt 
» % CoCCFe, Ni, Au, Ag, Cu, Pd. P 
t . Ir, Rh, R u . Os, H f & £*6ii0*n& 1 

e>tC«8-2 0M J f%<DffiH<b'r^Ci^ao^ 0 C 

fcte-ffttffcS^fcT**., WJP7C*«^*ScMRa{fc 

[0 34 7l*lteJ:tf»2©il4»l, 2(D5^v T 
ffljcom 1 CD^ttJl 1 «SBt«JBfSjffl*rfiI±ll (MRrSJ_t 
JR) 4±fc»J«S*VCt»*. MRft±»4trF«MMft* 
30 =rJ-4#«tt» <«T. *8B»T«WiE-r) 5±CC» 
JSSShrc^S. C©IWttTifW5». WUTa, T 

i, Zr, W, Cr, Nb. Mo. H ffcAtfA 1*6 
SfcmS*i>«c< it 1 «©7C*4^J1-C* 0 , Cti6 
<D*«^K*dA. *4C»ttMbtt*>MbWtt<ir<D<b* 
«*>6fc4. ^SSttTii6li5CcTa^i^^fb^«:fflC> 
ftm^> »K»*r MR^l±J14rS3*0^ 

[ o 3 4 s ] # i (om\m i «^srawcc<fc om{b^rsi 

40 3WSE-ftr*«HSWr**. — UI2CDKt4fI2±0t 
IrMn, NiMn, PtMru FeMn, RuR 
hMn, PdPtMn, Mi Oftif*6aSSS>8ttlB 
6sWiaaS*VCt,>4. »2<DS8ttJB2KlBS*»tt»6 

-So -r^c^^, m2CDS5ttJ12«ffi{bH»fSr*4o 
[0 34 9] H3 2rttB5%S*vCt' 4 ttl'>a s > mZ<Dffi. 

50 »2©WMi»30WtBtRKKY»KS«« 
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3<D«ttJf £r©tgj£<hU~C, CoFe/Ru/CoF 
e, Co/Ru/Co, CoFe/Cr/CoFe, C 
o/Cr/Coa£#¥tf6ft*. C <D £ * <DJg5£ffit£ 

[0 3 5 0]»lteJ:C«B2©»ttliK 2HBCcBlt3 

ti4*attJB3©«fiEt*»iL , r», Cu, Au, Ag 

tf«»ft^, Pd, P t *j<fctfC ft AT 4 
^ft£#WSSft£- 
[0 35 1 ] Stttttt A 6 ±CCtt«S» 7 *SHW 6ftT 
CCE>ffBW7tt*»ttT«l»5ira«tt*l«feL/ 

<^^^cJ:01SlS3ft4 < b^"C*4c Cft^SUCcJ: 
ot, c<Olltt»!»©^t>^^^IS8*s»JaE3ft-CC» 

mffi <HS*1rt*> #aa*3ft, cft6CCJ:oT^tf>^ 

-CfeJ:^. CG>»£\ ^T*fiWttWfcH*»2<Dtt 

l> 0 ft*>\ H*9tt»«T?**. 
[0 3 5 2] ±j$Ofc^f>^U^Bl8*1«0t"r4ft» 

g| 3 2CC5KTMRlSl±J14tt»l<0^fl(IR4 ai*2<D 

«4 b iollltci DM^nri^o *ew* 

j!/:7il8<DTtt£0T«MT*^«4a, 4bCC«, 
WAtfCu, Au, Ag, Pt, Rh. AK Ti, Z 
r, Hf. PdWO'I r*>6iS«ft£4>ft< £ 4> H 

[0 353] cnt>im<D&mm<D>? ur i ©ettii 
*r^7t*«, jb^i*££ oritur ss*£#BS 

*5cfct>*f&2<D£)IBl4 a, 4b*^i0r«JiS'r4«-7E 

SSg 1 tD£IS^4 a BBS ft* *©*r«J«:fK«fia* 
(miO^JlKl a £C^20^IRR4 btfBB 
SftT^iCiJWffl* LC^o 

[0 3 54] ccr, #*W«:fc»i#ij8©B««:o 

7ESR© 2 «»©7£«3W*H«W>M«*» , i" StHBitt. 
27U^£>tBEI (09*. fi*. Binary Alloy Phase Diagram. 
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2n d Edition, ASM International . 1990ft <*:) OCfcl* 
m^CZZM^/omt. BStt<fcl/fc<h#«CA#B«r# 

[0355] jm*w)£ ut, nan (mz&m&m 1 > 

#Co*fcBCo*4<3Di*i, «tt*#N i £&<D» . 
^«:oc*TBWB-r*. ett®* f c cKfiifc-rsfcftw: 
ttTJttl*** f c c^JS-^h c pftit?»4Ci^a* 1/ 

iLTliAK Ti k Cu, Zr, Ru, Rh, P d % 
Ag, Hf, Ir, Pt, AuW#W6hi, tft 
fc(D53ft<Z>5^ C oi#H«iCO±iB(D*fl=«:«fi 
-r*7aRtt, Cu, Ag, Au©37C^<tft^ e 
N i 4*B*il^±ia©*fi=*«IJa"rS5E*tt, R 
u, Ag, Au<D37C^<bft£ 0 (IU gJteJiibTN 
i ^ft*flH>/t«^tCtt. C u tttBB©#*#KW* 4 
BSOHffifc*** 5 . ^RW^SIRftffo^itS*, M 

i^tCui «#B*£ **J»r 3 ft Z> 0 

[0 356 iffcfo%, y v-m^m^m^otz. mr 

T<D&t$tf>*£D"C, diffusiveft^ffitCft-oTU^ 5 

^ffiJ^Sl^C^f ftt£Jg-C , di ff usi veft WHCC *>l> 

30 S#fTB#fi< ft6ftC^o MRXffc*©fiT«r 
J8<C£tCft&<, C<D3K*«, ffig7»J-li«ttiS 

?f ^4Jr0P,^4ftSo o^O, J»»a«:J:ot:MR« 

iC5, MR^k^cr>ffiT^6ftft^-o/c 0 
[0 3 5 7 ] K±©»**€». N i Cut ti$m 

mtmftizri&o st-or, n i ^&*H«oia«*aii 
st^iot, *^-e«, tas#>6fS6ft47c* 

40 (Djfi*^to-a:tcCuS:aPA"C, Ru, Ag, Au, Cu 

m t oiiioo«jSAtta#sNwa9tt fee «t o x t^t?ft 

[0 3 5 8 ] CCr«, ESttfi^f c ci5fii*tf£C<i: 

i^cc»orcft6©MRia]JiJi*fflo»Tfe**>ai>. 

*l*WCcB»ttH4t>r, CoFeB, CoZrNb, 
CrtCTi, Zr, Nb, Hf, Mo, Tafti'^JJO 
50 3*1^*^7 T^ttffiB, i>L<te$m&t»3k*&^ 
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[0 35 9] 3 6K V ±&<D7vmtc£-?'Cffif&2tltcM 

Ri^±m<D-mcnbx, d-^-^y^ww^iR 

7t:^iL/T«, f c cAIR"*>h c p^K* j a*b<, A 
K Ti, Cu. Zr, Ru, Rh, Pd, As, H 
f, Ir. Pt, Autt£a*»tf&*i&. 
[0 3 6 0] MR[fiJ±»te«B»**ffl"*"*W^ ^ 

3&s*tf^*l*o CCt, AiC^7C*iBiC^7U*© 

ijpCCA^HS-CjfSIRWMWitCcl 0%£iS;l& 
[0 3 6 1 ] MRlft±JB4K:SI»«l*aW-rftlH«#f* 

^ 4114 bttiBOlBO^iWct A 1 , A 
u, Pt k Rh. Pd. I r^6«in6d>tt< ife 1 

*Ag-C«fiSL/fc»^. *KBl4bB:Pt* Pd 4 Au 

*P6»2*i£d>& < t i a^st?^jsMr^is-r ^> C 

iJSJfJL^, ^K«4 a«rAur«dEOfc»-&, &IX 
JK4b«Pt, Pd, Ag, A 1 >EP6««nSiJ>a< 4 
b 1 «*£tf^iTC*IBST* t O^c Sffifefi 

1 #N i &ISK4 a**n4#H«©*ft=*S8 

fcTRuTllteSLfctB^ £JSS4bt*±fB<D@*g<D& 
fftilfctRh. lr, P t36>6il«*i4^tt< 4fe 1 

[0 3 6 2] ±»L/cJ:5&ffl#^to'&<D5^ MRfr 
±B4*»«T4 2 5«W1 0%<a±El»KH*^&C 
Wg^U<, m«Au-Cu, Ag-Pt, Au- 
Pd, Pt-Cu, Au - A* &<!f*MPlf 6*i2>. 
*5, &l««4ai*ia[«14b©tt**to«tt. ^"TOfe 

r«tt<, W*KCu-Ru, Cu-Ag©a*6t?* 
lS)lI4tJ, 3|lCD^IlK4a4m2(D^Sra4biCD 

[0 3 6 3 ] MRfa±®4 K« 1 <D&mm4 aiS2© 
^^biOWaWCRfc-r. m«H3 3tCn*TJ: 
9(c. BOW 1 £££ LtrflteRr47£«t#H»©RI« 

CC&£7n3RCD£*£Ja4 cXMR&l±M4%fflf&'t2>Zt 
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TcJRiUTCu. Ag, Au©37Hft;fr6S«ttS5J>fc 
< £ 1 ®£-gt? 0 lfittll^Ni^6^S 
^*B4 cttaE»RJc7E*iUt:Ru. Ag, 

Au. cu<D4 7ESR*6jitfn*d>a:<t*>iata 

[0364] ££@4 c «±IBL/c^fiS7C^JWi1*CC^ 

©S*:WBt>&*iS. WAtf* 4 c <D^ffi&7t^ 

(CCu*flai^/c»^tCtt, Cu-Au, Cu-Pt, C 
u-Rh, Cu-Pd, Cu- I r 
#jWHC>6*i£o ^ft»4 cOiMTcliCAg^ffl^ 
ftiW-^frCtt, Ag-Pt, Ag-Pd, Ag-Au&i' 

jRKAu&flil>/ct§^K:tt> Au-Pt, Au-Pd, 
Au-Ag, Au-A 1 t££<OM&Klk<D'&&&m^b 

20 [0 3 6 5 ] ±3iL/c<t:9fcAfe©5^ MR|^I±I4 
iLr(D^#B4ctt27C**«l 0%£i±Sl^H«-r 
St£#2*0<* mtfAu-Cu, Ag-Pt, A 
u-Pd, Au-Ag«ciWf6h4. C<Dct^CC, 
MRf^]±S4(c^a^^Si J £:ieffi-r ; SC47!)5-c#, W 
&«B3 4K7S-j\fc5K:£JWK4 ai64i4 ciOS 

mm~cM r i*j±h 4 * flwt-r & c <t pjt&r & & . 

[0 36 6] AfiBM 1 o 3RSBEttt* ffl C ^ * »^ . 
f&Um 1 CDTKS4 UT<DMRft±J14 »CoSffit4ttf4 

30 Kf c cBBl^S-a- -trTOh c p#fi©£l»*t*4*:ffl^ 

u, Au. Agr. Pt. Rh, Pd. A 1 , Ti, Z 
r, Hf\ I r te£^nh<D&&l*MRft±M4<Dffl 

nsfc l < tt^^B^&a & MRfa_LJi4 &zt 

&cj:-?T, ««:l¥2T4J:5«:. CoFe^t'OC 

[0 3 6 7 ] MR(SI±B4©IBW«, T&JI4 bT£>«8 
40 fE*^fctt*/c«)CCtt2 nmet±i-J"6Ci*sa*L/ 

^MR^t$W1"S/c^ MRfa±H4©lftJ«:*l 
0nmfitTtrftCi*«»*Lr<, $6(cggi0<«5 

[0 3 6 8 ] ±&UfcJ:9&MRl»I±»4tt, 
»l,itB*Cct>MR^k*«rJSt»ttCCJ6J#r*«#. Co 
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MR&&£ft±£tf&4>0r&& 0 £TRC, MRfa±H 
[0 369] ^f, Xb'V^^KcDf^^P-b^^btC 

■rSCi3&s*A6ti4. *<D«^*H3 5CCiS-$\ * 
*5, 123 Bfcte^T, IF. tt^t:>«c#IKSLSti*ll 
I F H J4^bT>tS»l!tSL'C«a<«lffi«aStl*# 
S4ml/tl^ 0 133 5 (aK (b) BaffitHB (a 
s-d e p oB*K»j£> 03 5 (c) tt^n-feXT 

[03701035 (a), (b) K^-TJ:^, ^fcT 
>^;l/^GMROi*3.- * h £&&JBBBtJl 1 /^Hftte 
tplB»2/SMtH»»3©3«8lliaiJft«:*Jt^r, *© 

fe), H35 (c) CC^-r<fcO^, ■^a-f2^T--^tC 

[0 3 7 1 ] *R«iiiwr©*inHW*i*w«&«s# 

ftS„ mtf, N i F e/CoF e Wffir *> Jt«W 3 * 
ya*4>ttt> a s - d e p o tRJBt?W*ffiSS*J8l** s 

^^»Ni Fe-CoF e||ffi-CWSSK:»ffi|£«*s* 

[0 3 7 2] fttftW&C* NiFe/CoFeSBK^e 
^€>ffia/i ; &ffijlb/c^t'>>'^JU^r«, NiFe/ 
C o F eWffiOttfflfi^a^^o^^T^-^J:-? 

W«as-depoW7. 3%"C*^/c 
MRSikW, 2 5 0 "Cx 4 H0^n^^7--JHIt? 

;WC££N iFe/CoF e »ffi-C©«ffiS*M»»E©a£ 
[0 3 7 3 ] fie*©*;l*Ctt. N i F e/C o F e»I 

a s - d e p o©tt«t?t3:ltW«I5t*-/>^4'© 

BSI4Jtt**^l;*i*A6ti*. £C*#. NiFe 
/CoF e»H?SOI»**c» ^n-feXT--^ 
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Rfttt^kt^Ci^^6ti^ B 3!iCC^i. as 
-d e p 0tmrB«ffiS«B»*O»*£WMR»t**« 

[0 3 7 4] Sfc, 7 y-»*iWl»»^CCtt. MRfa_h 

WMlfi£.0X. diffusivettWffitca-pTL*^ i. ? 
V -JB*6^ttJ«i»«BK|^3^5*-^aill*«r(ST 

6tc<r\, MRSEfb*©ftT«rJB< c 

[0 3 7 5 ] y y-]Bi#8Bttt*»WBi©»ffiW:*JC» 

<b*K:tt. *BttWWIOttHil.t, Cu, Au, 

Ag, Ru**tf-SCi3&sr*4. CCt, Cu, A 

[0 3 7 6 ] C<D«fc 5 MR»tt©se{b*» 

«C, SKIL 2©^4li#H*©£MW*J8t> 

ttfRJitt, W*tfCoFe^QJ=9tt#*4*GMR* 
30 *«vHCffll>fc«6, CoFe^if cc (1 
1 1 ) KlSjS-ltSfc*)©^- KliOr©il8fc*/c3 

ttwna &6at^fc«>. fee ( 1 1 1 ) sarnju^-n* 

^flH5H4)&JJ:^Cifc»*>S. MAT, f^i&JfKCoF 
[0 3 7 7 ] ^O-b^r^-JUCC «fc*MRW140Se{t<0 

50 [0 3 7 8 ] ±ISL/c J: 5 ttjkfl=*J6BT 4fc»6C, tt 
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i$b /$m\±m <o&& mc -ot > -n*, si &<d m 

KoFe/CuWo/Cu) t *©<fc 5 tt»ffl"C© 

tt, GMRI*^7 hflS&OttJk (WtfCoFe/ 
Cu/CoFe ©ifl^fCtt^SK^ifil^-C, *£Hti 
tt»JBCT£Cca5<DT>M:fc< , CoFe/Cu/CoF 

[0 3 7 9] -fcr, |iflIWfcll«L«4*Sfi»JS£ b 

|Sj±)14S:aiffl-r4C4CCj:r>"C, Wu^>^> 

[0 38 0] 5e.CC, WitfCoFe/Cu/CoFe 

tcm^, Mn3WB»f4W*iloT, CoFeJf^^trft 

COJ: 5ftCi^6C o F e/C u/C o F 
e/I rMntt£©IS«4»*ilo'C- W*.tfMn#C 

[0 38 1 ] S/c, I rMnOiOKICoFeift^H 
PH©^**5»fiBEttJB*^**»o^»* C o F eB 

*^*D4. *ft*»Wr4fc«>K:, CoFe/I rM 
nH<£>±&cl rMn©tt-T-BIB**ffiCC«^ll, Tttt> 

% I rMntmm$.oft*mv&*h-of c c^wtm* 

[0 38 2] $ 55S®ttPOT«&B4 ItMRfi 
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Mfflt^H^tfe, t>BKiffttB0ft88ttKI«s«^5 

as©tr>«a^wc&< , jba©<t5«cRu, era 

&Stt, ^»ttBiMRlft±»3WIW!ffl*cJ:^T«tt 

tcffi«Utt^/c»frK: % MR|oj±B»S5ft5814IR4*H» 
T>**3&\ fcL<»I rMn, RuRhMn©i:54y 
10 -Mn*S9jB»ffiR«r«C>ft:i *CCR»0tt£©t6*M» 
3B*S5£tc«ofc»tc, f c c£Bt*$k h c p^IW 

[0 38 3] ^IWOS^aSSWHR-T-B. ±i£LfcJ; 

S»«iLr<D«W«:»4fc8E>CC**aa<0l«« 

MR^t** J ^3<tt4C43&s : Pfll3tl4- 
[0 384 ] &KKttSMR<E: LT/ctfm/ciSKfcW 

[0 3 8 5] ccr. €an«/*«Bi»ffi-c+»A»«c 

;^^4il«?lWi 0 H3 6K*frr*5Ct, 
p &c fflS T 4 &JII^*C<D ^ x )l> =■ jftfi<z>« 5 *sso * a 6 

[0 3 8 6 1 0 3 7*5*0*83 8 CC, KS* K p CD 7 * ;U 
SiffiSA (p) iSWitp^fSGMRgl^x^att 
SA (GMR) iCDhb (A (GMR) /A (p) > 

f&¥mmo t £&m%<Dm*fK'? 0 1337^*^03 8 

50 *>&fl**«fc9K: % WWftftil4l/tiKn8*8«c 
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(Ag) /Cullffir«ffl5i**ecrBWfla[0c £ 
^tc, Au (Ag)/CuSBStt>+»K 

«hewjwbc4. 

[0 3 8 7] feLkflDC £Jltt^K*H«*flteM" 
4*§£, ( 1 ) 7x;i/5iftfi*S"C#*/cWfit^)lJR io 
( 2 ) W|ifflr©a«ftfl(tt«c>, 4^5ct*« 

t^tLti^c\ »»r4«*>ws ft 

Sjfctt^WTNb*. CCC. *5Cc (2) *SJfi-r4J:5 
[0 38 8] (2) lr>©^*aJS#fiL/ 

iWcigri^o T^^ucj^T^ffi^©^ 
#WKtt?K KttW£C*T<tt4Ci#*»3ft*. 

y~rv h-C*SC<fc#S*l/l*. ±EUfc(l) 30 

[0 38 9] «±<oc <t*>6, &mm/&mmftffi-vm 
turn MRrfii±JiiL/riKttBi*H*a#)Wi j & 

fiSteS©*-^- Iff! £ ttKWflfltDB £ ST 4 J: 5 tcISg 

msam**& i ©&jsbi4 a&KHu ^-©wwcm^ 

[0 3 9 0] 3 SW^iLt^I^^i, 
*4. C©J;5&££Jg*ffll>4:£ffi<tUT t ^&R* 
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u s -e 4 1 <t «a?cca* u < fx i >. 

[0 3 9 1 ] ei±<0C£*>6. S3 2, 03 3 to ±0*13 
3 4 ICfjkUtcX t>/i;^R8tB, J5E9*K£ 
4MR|Sj±B4&c, ttttn (MKBBM1) &M£HI8<DN 

<JW*W«:tt# 1 ©£H^4 a ) 
t4B ilfcl/TEBU £6K5*Hg£LT 

©MR|pJ±Ji4£«&©£Jg«4 a, 4b©«nK"C^ 
fiTT4* *St»ttMR|fiJ±»4S:^&jB4 crJBflE-rS 
£^5«fiS&flW!l/T<r>S. «2£©:£Ji5Jg4 a, 4b^ 

~T4 0 $6tC, |SBKTMRffl±S4**!«^4»^ 
Cft6©5 5*^«fi#}tt»» 1 ©fi**MRfiJ±B4 

[039 2] ±»Lfc|*ffi^«MKC»-3< MRSMfc* 
/tft4fc©T?&4 0 CftttMRfa±B4©ttf4iS!l? (# 

J; "5 WffiX?©t£ffc^ * * %s> # cc-J: 0 ffl*>ftTt>ft:MR 

:/« 8 ttHIRtt Ct gft 4 ©*C& 4 . 
[0 39 3 ] tt*5, S£*fS*KiRL//c ( e ) ©tgj&Kfc 
W4Cu/AgOTWt CuJBWCBRniHei*** 
#nfc«>, AffB*StliffiK0T»»fcT4t<fc«:J:^ 

cfttt*«Jl«:*jW 4£(SM/:£KI§J?ffi^itM£«$» 

^ e -3*r>. KSiTOTfiftKW £, 

SMI 3 ti* *W * -c#«T ft 6 3&>cc »a 4 b © 
^*4o 

[0 394] MR©W«fctt«:j»**|BaW-4MRrai±B 

^;uyK8©MR^tt©(Sl±W:SF^L/ri>4 0 C©J:5 
&MRlaI±B©«ffitt. BfflSB 1 ©TWJtClBSL/cl©^ 

ttB6±tCiBSL/cJS^ (MRrfi]_bB4B) tc^>^}?3 
ft4fe©T*4o C©J8^©S»*ttffllfiBWOSBSCCttit 
Stttcl*H«*r, M^L//ci^CCl rMn^£^e>^c 
4S®M1±B6±tCftj3$lx/cffi^©^IS^4 a v 4 b© 
aBBI^^B 4c^6^c4MR [6]_hB 4 B £62ST 4 

£#-C*4. CftCCck-^T, Mt*B2/JS?S®ttB6^ 
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8 ©BUMS** <fc 0 — »fiJ±"i"* o 
[0 3 9 5] 3 6fcte©fcT>«Ftt*>. HKWEttR^W 

(»^7^8^ W&tt) ft£tfll8*SC 

[0 3 9 6] «»©^IRW4a, 4 b©8WJB;fl>fctt* 
MR[p]±li4B^S?Sffittii6±CCBag-r^iS^, Au 

*rat> ft. Au*Ag&£^6tt4SR2©£JSl£4 b# 
Tatt£a»6ttSSBW7 iST^J:5K:S2g-r^i, 
Au*A?& 7 &cS£tfc LtB^e^iSTf £ 20 

*ffiHiH7ffl!KciBa'raci3&«»*L/t». a/c 

14H6±©MRrRl±JB4Btt, # 1<Z>&WIR4 a/3*2 
CD£g)g4 b/IU 1 <D&mm4 a <tO 5 J: 5 ^iII"C 

[0 3 9 7] miaiL/c J; 5 fc, ^JlttficoSJUS^A 
■*W4MRfiI±»4Att, CoKoFe^i' 
c/)C ojRattWft^^ScifflHKB 1 <Z>»Sfi«K:*rur 
S»HI4»»T*. 0*13, CuTiftlMOSrettBlM 1 
tUTOCoF e^#@©tS^MPgdVh3-r^^/c 30 
- 1 p pm^Ii^lii^^c — AuT 

[0 398 ] CttteMUT, Ctu Au, A sr. Pt, 
Rh 4 Pd k A K T i, Zr, Hf, 1 rrt>6jW*n 
*4>tc< i fc 1 «©^**Str&«ttO»JlflL 
»6414 ca>6tt4MR|fi]±»4*, B$Jf 
CDCoF e^OTtffiiT^CitCct-oT, Co^Co 
F e^fti'OC o*8BEttW»© f c c ( 1 1 1 ) Eft 40 
3*&±r. fiSffiKfflHittttfflB. TSctofed (l 

1 1 ) ♦STPJPB'feO. 2 0 55 — 0. 20 8 5nmC7)Sffi 

±H4tt» fcc-d (111)^0. 20 58nmJ: 
•3^C^Ci«^bCi 0 d- ( 1 1 1 ) tt-T-IHHi** 

j& Au-Cu^B4ffll»fc»&, SUK-CteAu £ 
[0 39 9] Au-Cu**©AftWattia«, Au J5 50 
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Cu„-Au„Cu„ m^%) OiiiTSCiW 

£fctt, A u - C u ^frCllr* S«6 J: 0 STA u 
U^^ttifllSdE, tftto^AunCun^Au.sCu 

[040 0] 032, S3 3fcJ:Ol3 4 tt. BMH 1 
4T§£ Lfc^fc^'W^RBCCO^T^LtoW. 
?8BCntC|S6h4fc<D-CBa< , piR(ffl4 3^4 

[040 1 ] El 4 1 *3<tcJ c H4 2 cc^-r^tr 
8», S=K9WJ^6«CC, #»1TF»Ji5/MRft±JB 
4 /KSiSSBttJi 6 /HMtHWl 2 /^HBtt*IB» 3 /B 

issn 1 /MR^ii 4 /«bw 7 <* n/t«j§£ w 

UTC^o 04 niMR|fiJ±H4R:££»4 c*JBl>/c 

H4 '2ttMRft±IB4-tCttM4>!&JRBi4 a, 
4 b©«JBK*J8^fcWr*4. 03 4£PI*£ 

fc, ^K4a£.£ftB4c£©«BK4fflt»SC&<> 

[040 2 1 H4 2CC^LA:J:5tC, >Sfi&I8 1 
MRft±Ji4te«JfB4^fi^£fc§^ 03 9&C^U/c 
±ffiiJCDMRft±B4il^«0C, ft0W7MCCttCutt<2: 

1 CD^ISM4 a *E«"T&C 
fi£-?T, H4 2^L/feBfiOTlflJ©MRlPr±»4B, 
0 1 ^IJ84 a/l£2<D£/S®4 b/ffl 1 CD^HI9i4 

a©WBglr««b'Ct»4. 

[0403] jxfamm<Dm£<D&m&&m<oTt&<DMR 

ttMRft±Jiai/©»£*>. Ta, T i *4*(Dafl:J:< 

[0404] Sra»Jfi©^b'>^V^|R8«:*JtiTfe, 
l«»linc«Ot±IBLfcJ:5&MR|nl±IB4*EB-r 
^CiCCcfcoT, Baiil iMR^]±@4<tCD^ffiCDffi 

[040 5] ±i^L//cSSs«i§CDX 
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MRGJ±JB4rt<Z>» 1 <D&mm4 a/S&2©&J1^4 b 

■&Sfc©-c*!K a*firwtl/'r*Lfc (e) <£fl»i£© 

Cu/A gfBJUSCCteC^ AgK^ffit5W*4D5 
(d) <Dl«jaE-CAul«*fflOcTa*ail"rSiS»K!J* 

[0 40 6 ] ftSfc&ffiibT^U/c (d) OfltJSfrCtt* 
fil^O. 4nmiC>5 7o:;l/SiftfiiEIgK<OS»OA 

«>, fci*Co-AuJHrg«*4W/ciltt 

oT. Au/TaWC^tAu/Cu/Tail^ 
5 &C T a <*; tt#H8©W«K:* SCu Ji*^3 tirfcS 
JgR*ttfflLft:«^tCttAuB[S^ffi*SL-rc iB&C*. 

3 fiSEOC u l*Witf C o F e i A u i ®»I 
icmAT&ZttcJi-yX, AuCO#«tt*MJB^©fiJB 

ft/Mt*i&Aul«rHK-4Ci'C, 

[0407] ±au/c^ii6Ji5«cc*yc*rtt. mrioi± 
ma zmmm i ^s®»ttJi6 tmuxm&r&m&tc 

mmmi^mimmmA^cnmotcm^h 

[ 0 4 0 8 ] 124 3 &C^r*f >A;U^8&ttel>T, 
IS»»15*WI*.«N iFellaiCoFellbitC 
j;0flteRS*iT*5*K cti6<Z>PJtca«a?^JlBlR4a, 

4 b ona 6 a s m r fo±.m a *^se a n-c c „ 

NiFellaiCoFell b itt, MR|*LhJ14* 

iFell a/CoFei 1 bS»rocW#i^H8©M 
R|Sj±H4S:#A"r4»&* NiFellaiCoFe 
SI btt— ^ittoTJBKIBl ilt**tt»Wa6 
*?A*r&MRfa±J14«®< LttWtitftt6 
Set,*. ^b@SJ12F t gCCMR^±li4?:^§# 

[0409] ±»Lfc»*JW»©8ttfWttta^«^ 
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(MR AM) &^<Dfi^BEtBB««:aJir*C4 

[0 4 1 0 ] E4 44aJ:0'S4 5 *«IH<DSBE»fi!a 

[041 1 ] Ctl^COiatCisO-C , 2 1 \ZA 1 a 0 3 Jf 
10 ^Wt^Al, 0 3 -TiClSai'OlSt**. c 
©J:5tt««2 l<D£Stffi_Ba*. N i F F e 

S i A 1 *ftfC o Z r N b <!: <Z>W8tttt 

*43&»6tt4TIBJ?»«^-^ Fli2 2#fl5jS3*VT:^4o 
TWJS8»^-jUF)12 2±CC«. A10 3 tti*©#lKtt 
!^»S^6aaTffl!JH*SS« s Pi» ^ 7*2 3 ZftLXA 
f>^I/^GMR!2 4«^ntC^ 0 CCD^f> 

[0 4 1 2] H4 4CC*sl>T, Xt*>^^GMRM2 
20 4»Bffi»3Dh^!y^*Bia4J:5tC, K»h-7?£*B*> 

nn^o ccoj:9a^tr>^i'^GMRK2 4©x^ 
t?fP©>HlJtCtt t ^ti^nx t^^Jl/^GMRi 2 4 CC 

a&w* BPUa-r * -f r * agf^pjmJK 2 5 *sbs« 

/<;U:/GMRlR2 4<DX*^astT'<? Hg^LTl* 

[0413] — »©/-?-/TXSBWEWlPBI2 5±«CB. C 
u. Au, Zr. Ta&£*6tt*— *t©««2 6#J# 
30 ^RSnrtiS, Xb*>^^^GMRW2 4CC«, —St© 

;^GMRi2 4, — SftOA-f r^i8Bt»EPl3D«2 5*J<t 
tf— *t<3D®ffi2 6», GMRW4* : T-ffl2 7S:»fliUT 

[04 14] S/c, B4 5fctel>Ttt, ^tT>/^U^G 
MRJK2 4 £TSW£S&^*> * ^2 3 £©HB«:, ^at> 
h =y y ^m^^titcmmCT, t*>^J^GMRl2 4 

40 5«ffi?ntc^o c©— *t<D/<^r^fiBEWHJfinR2 

5B9f5E©HIMl**>orEB3nT*JD, -ecD±tc^t* 
>;^GMR!2 4©Ith7 ^ £ ©j*flH8B»:WRJl 
fSSntl^o Xf>^GMR!2 4^ ^OM 

j^«:*ft-en*h^-/Tx»wEwnii2 Bitcan-r 

[04 15] ^f>;^GMRB2 4±Ktt, — »<£> 
gi2 63&TOnrc^ 0 ^f>/^GMRI2 4 

iotassntc^o cne^t*>^^GMRi2 

50 4, — »©/<^TXaiW£DjlIl»2 5feJ:CX-^««2 
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6«\ F«Bi©GMRW*« : F'W2 7*flt 

[04 1 6] H4 4*J<fctfEI4 5 CCtel^r. GMRSS 

B, Tffl»«t/-JU FIB 2 2 £H«fcWfite*tt*#»&tt 

[0417] E®^ > F i »1R»»^ f F31 B, 
i/-^FfGME^7 F3 0±tcM?^t0^ fl fVBt 
WS/L-^v F3 lOTffliEIMHEtt. ±«8B»S/-^ FIB 
2 9ifta©BBE14IBtCcfcO»fiR3nrii& B f->l> Fffi 
GME^9 F3 0(D±ffllfiBt«^-^FIB2 9 B, MHtt 

FJB**to*TJWIB»»S2 9±Ktt, A 1 O 
J: 0 O&ffitctt. T«1B»«« 2 9 i ±MEftM8& 3 3 20 

ME^7 F3 0 £E»-^y Vt LXMBM^y F3 1 

&cjgts3n& 0 H4 6tc?nriaa-^^ KT^H2>^y 6 

[04 19] tf*^>->a>6 2<05feS«:tt fc _b»l//c 
|g*feJI5»©»|| »Btffl«»^ y F FX7 

<f-Sf <D# * O'Sc&HK 0 ffl© y - F « 6 4 *«W 
U C(Dy-FIR64i^^ F^^-Y^63CC)fl*ii* 

[0 4 2 0] "c<D<fc5tt»«^* F7-yt>^ij6 0 
B, Plx tfH 4 7 KiTjVrffiBSl-? X ^ &Ett £ ©»»E 
tt£flttcStt3n&. H4 7ttO-*y-7**AX- 

So 

[042 1 ] fitta?*-/*^ l«*fcf>F<«'52CciS3» 

7-yfe>y>J6 0tl ^X^>->a>6 2©5fe4SCC^D 
-WWfetifc"^^ FX7-f^63^ t GSSvtw 1± 50 
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J: bte«OBr«*©E»l»**fT 5 J: 5 cck 0 WW 

^nn^o ttst? 5 -* i#0$5-f&4, f* 

7-f^63 ( A B S ) B^ftfM * ^ 5 1 

©*ffi*>6B?3e©»±S ( 0 tLh 1 0 0 n mJWT) * *> 

[0 42 2] 1B«^ y F77t>^»J60(D7i'f^x 

-f;U*-*5 3fCfttt3*ir^S. iK-f^ra-Ob*-* 
5 3B, 7^^i-^7-A6 l©#fcT>SMC«#± 

CCS* PI U X leg 3 n/cjk^HEte Jz cWtflSj 3 - * a> 6 ft 

4»aiaisi*>6*fissn*. r^ax-^7-A6 

IB, H£l*5 4©±T2^tcg8W6n/cBI?RL/ttl» 
^-jw^^c^^ts^sn, .a^-OU^e- 
[0423] w\ «±©si»»ar»eii»sisafiBta 

F£JEl>Tgfc9JL/c#^ EH*^? Kite^f Fr 
#eB©BB»3-^*fflt**»»--f*ffl«ai^'5F Ftt£© 
flfi©^* F«BB^**W©^aC3»**T-*«ffl'*"* 

ttawi^v Fccmer. ea&fn$»s^y (mra 
m) a^ssaKtKKaccjaffl-rscifer**. 

(llJIiWl) C<Z>I06WI ITii, Ta (5nm)/Au 
(lnm) /Cu (lnm)/CoFe (4nm)/C 
u (2. 5nm) /CoF e(2. 5nm)/I rMn 
(7nm)/Ta ( 5 nm) »Jfi<DX tr>/<;l/^lS«:, 

fflKBl x l 0" 7 To f f r;Urf>EEB2-l 
OmTo f ftLtc. ISaMib>y^>Ifi?:ffl^ 
fc. ttte. F<DfEJWSfc«* 7;^7^ifi± 

<dai, o 3 *+?:/±ccsmt*c 

[04 2 4 ] ±iaL//cXe>^JU^IStt, as-dep 
oWMR^t$^9. 6%T\ 2 5 0'CX4HCD^ 
n-feX7~-;U (T^--JU*fl=: 2 5 0°CX4H, fiS« 
5kO. ) ««:*5CiTfeMR^t*«9. 0%^:8I}^L/ 

T^/c fl «s«-± i o- 6 jyTo^-^-co{ii^^n 

[0 42 5] Ctt\ MR[aJ±IB«Au/CuaJBR^ 
A u iC uCDSffi^4«:MUtC^c Cut 
CoFeOWffiB^BaPaWffit?**- TaiAuBl 

«r*»ffi"c*43&« t Au/cu*«a : F-iftficc]t'<t+ 
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X^X &fflmtel<\ f c c*fj§CDAu/CuTJ&J!<E>£& 
mccJco'C, C oF etef c c (111) ffifiJOTl** 
it^C, CoFetDd (1 1 1) ^^-^>^*5B 
0. 2 0 7 4nmi«3IWCCfe/h3ftfi«:*lJffll3n-ri> 

[0 4 2 6] c©HifiWll©^tf>^^***fBTE 
Mt£J:9SSg!bft: e ^OJfelg, Au/CuTiitCCo 
Fe/Cu/CoFe ©GMRS$^- * 1 
^Br-o*m^cllttflEfiLT*JD, fee (111) 

C o F e Mv&fttO*? 4 # O 7* ^ V ^ 9\s i >~Ci£, fc 
c-d (1 1 1) *^-->>y©*#S»0. 2 07 4 

7f>^^I©XRD/^^>^4 8tC^-r o X*£ 
[p]tFr*r&C oFeOf cc-d (1 1 1) »^ 
3»0. 2 0 74nmt*^C«!;W^ 
[0 42 7] fc&\ 04 8 OX R D 7~V J t )V(tCiol> 
T, fc*-4>l. 2, 3ttl rMnCctB^rSt'-^r* 
0, f-^4tiCoFe/Cu/CoFeill©f c 
c (111) tr-^i#iL6n, JBHKB^Od-*"'* 20 

^4<7)d -X^-v^^JSfiBB^d -X^— 

[0 4 2 8 ] ±i$t//tAu (lnm)/Cu (lnm) 
T*Mctt*.T, Cu (2nm) fefli8rCffiC>*<fc C o F 
etDfcc-d (1 1 1) »^tt0. 2 05 4 

u (2nm) ^fffitfflC^iCoFefDf cc-d 
(1 1 1) ^-^>^li0. 20 86nmi^<ft 
0, 8BSI»iEffl!JK:^:*<a4. c©J:5K:Au/CuT 30 
»*fflC»SCiCCJ:^T, tt&TiffilfcO. 20 7 4n 

[042 9] fc*J, fie3fee?^-C^L/c ( g ) <D«0&0C 

uKi-cttfsetia^-pftiWKktt^ Au/cuaii 
r^6ft/c locator, »accfcu»urc>4» 

< ft 0 , IrMni ©Wffi-COtt* < tt 0 

**Cfc4. iCW Au/CuT»O*#IrMn0 
tt^HBNi£jSlr>fc»> -ecD±Ccaii$nSCoF e/C 
u/CoF e#2MC I rMniCifi^tS^-JEja©^*!*^ 

Se*atBO (h) cD^cDAuTiftO 

ti^tcii. at«c»?-iBwwKraf. coFe/cu/c 

AuJBiC o F eSi^itg^ll 50 
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tii, AuB*Wfttt»CC»^X*«tt*IBB©Cu 
B«:*-C4EtW*pItBtt*«***6r*4. #fiStt*H 
BK A u * i M R » b*tt i /c AAt'hS < ft 

S. cn«SWitttCiglt<^o iCW Au 
/CuaBHCcrSCiCCcto-C, CuBtfAuttlild) 
* h ^/fBitt0fi»W«itt*)3cSEitt*. 
[04 3 0 ] Tttt£ LTtDT a tt A u *— &7ctttci&fi; 
3l*S/c&te#*fc'**7TB"C*S. Au*7*^7 
t*A1, O, ±tCtt«M6»Ute»dCCtt, A u # 5 7 *Y 
^>FJftftU ^-■9'B*^l>"CH*Bi«BBWi© 

|5g<D^T-r « ^ P -te X £Jl/cSt£±^<Dj£Jg <h fc & /c 
$5£l/rjiEB*lf ^tctbtrc^yy ?m&&^x& 

CCWTa^TWCffl^/c^, Ti, Zr, C 
r. W, Hf, Nb, fcU<»cn6«r^tf^. Cti 

[043 1] C<D£ 5CC % %*Sffi<DflteE ( f ) 5 
tc. Au<DTBM6<fc LT^ft2 2 0 nm*>(DB*flH>tt 

*<D±tcjsERS ti4 Cu/CoFe ^CD^ffi4>^S<h fc 
& 0 */c, 3 5 0*Cfc<OiBa©»iBffl*-r4iM!fcfc 
l>. KifcO«2 7 0X;x4Hgtt©«yeffl*tf 5Ci 

~C££ 0 CO<fc5CCTafci*©#»ttT»B»*St?* 

SftAuflt#»6*iS. 

[043 2] ^/c, »T»liltTi (5n 
m) . Zr (5nm). W(5nm), Cr (5 n 
m), V (5nm) > Nb (5nm) > Mo (5n 
m) , Hf (5nm) , fc^C/cn^O^ (5nm) 

fC. MRrp3±B<t Or Au (0. 5-2nm)/Cu 
(0. 5-2nm) , Au (0. 3-lnm)/Cu 
(0. 3-lnm)/Au (0. 3-lnm)/Cu 
(0. 3— lnm), AuCu (0. 5 — 5 nm) /C 
u (0. 5-2 nm) *ffll»fc»^c*jl»T<>, EMSfc 

[04 3 3 ] C©J:5K:, MR|pJ±B«2B^6«J5RS 

nti^tfe, *fc*4i«±©B«cc*o-cfe, secc-£ 
^Br*n«iB"C*o-cfe«tofcc>. fc/cu «tR* 

r*SCi*«a*l/^. TttiiOT f c ciBft 

^Cffig-T -5> il^CDM R |fiJ±B<DK» ilt«2-5nm 
[0434] ±fSCD A u - C u OttA^to-ttK^OSB 
^©i*CC«. Ru-Cu, Au-Cu, Pt-C 
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u, Rh-Cu, Pd-Cu, I r-Cu, Ag-P 
t, Ag-Pd, Ag-Atu Au-Pt, Au-P 
d, Au-A 1 tt^**Cf6h4. cn6©fi#£toi* 
<D9^ Co»»ttlitcl8-rSMR|Pl±IB03E7n*«C 
u, Au, AgO^fhfrtAS. 
[043 5] BI«REtCBBL/rtt, A u - C u ©fc&£©M 

[0 4 3 6] C o*©i#©et±©a*^*>1*©5%, 

jjffSjB*6to1t©Au-Cu, Ag-Pt, Au-P 
d, Au-Ag, P t -Cuft^WOcSE* Ul»o 

[0 43 7] ±IE©aiM#Cu«©£*£:£<P« 
CC, 8BittJB*SN i»Oi*tC»*ntC»-r*MRfiI±)B 
©HJ1JS> *fcWMR|fi|±Jl©^IBa>JlB*^*>-tti b 20 
T, Au-Pt. Au-Pd, Au-Ag, Au-A 
K Ag-Pt, Ag-Pd, Ru-Rh, Ru-I 
r, Ru-P t Sc^Wf^txS. Ctl6©ffl^^ 
©5 N i 3R«»»fc«rS«<E)MRlPl±Ji©iS£« 
tt, Au, Ag, Ru©t>fhmS. BI«JiE. K/l 

[0 4 3 8] Sftte. MRraiB^JBat-rszocwc* 

^WSBEttB^C oSffltttJBOtB^Cctt, Cu-Ru, C 

2«»BtLrL/*5or»*Lr<&< . iiltioa 
©#»* ccr, fiN£*3VN i mm&m<DW&<D 

M&9it l^r, NiFe, NifcCr, NiFeN 
b, NiFeRhftiW^nS. 
[0 4 3 9 ] *fcfcT>«tllJ«£UT\ CCCI4#««:S 

WjL«t:>BfllJi!EiLT, CoFe2. 5nm/I 
rMn7nm(DfUt t C o F e 3 n m/R u 0 . 9n 40 
m/C o F e 3 nm/ I r Mn 7 nm, CoFe3nm 
/CrO. 9 n m/C o F e 3 n m/ I r Mn 7 nmft 

[ 0 4 4 0 ] S5fi»ttBB* PtMn, NiMn, Ru 
RhMn. CrMn, FeMn, N i Oft £ ©WBr *> 
*toftt>« tr>»t*»«C o"C4>N i F eTfeflffcft 

[044 1 ] ±Ebfc*BttT»IB»T a ft i'CD^HI^ 
KlRM*. WiLKTaO, ©J: 5 tt«fbK*ttJfl-r*C 
£4>~C£, TaCCfW/CTaO, Ttt*ffll>fc»£K: 50 
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@rsi*L#nftd>o/cm^^r>^>+^M^^^ 

Tad TJft/MRI^±HllffirJS»r3l±4Ci^-C 
£ k MR^t**3 6Kft±31±5££#r*S. fc/c 
U Tad TiftlB±Ocie»C o F eMitSi f c 
c (1 1 1) Kf^bft^o/cO. */dBSWfcH*l/l> 

f c c - d ( i i i ) ^-v>y»»?»hac». cn 

tC^tltTaO! / A u / C u T»tt$ffltt«:«ft5 
<£rC&£o Tad KrtitT i , Zr, Cr, W 4 H 

iN, T a NCD<t 5 &Hk»*ffll»5 C t t>T* S. 
(^*S«2) C©HttW2-Ctt* Ta (5nm)/Au 
( 1 nm) /Cu ( 1 nm) /C oFe (4 nm) /C 

u (2. 5 nm) /CoF e(2. 5nm)/l rMn 
(7nm)/Au (0. 5nm)/Cu (0. 5nm) 

/Ta (5 nm) aUBO^tr^^Jl/^R*. HSS#I 1 i 

[0 44 2] ±f»J©MRfa_bJI£LT©Au/CuiiJi 
R©f£?-JEBWS* C o F e /C u/CoFe ISJiM©t& 
-?-5in!&<fc 9 I r Mn &CjfiC>/c#>, I rMn±{CAu/C 

u8IJBlK4fl2fiM"*t£tt:<fcoT, 1 rMn©t&^-5E$[ 

SCWtS, AuJf£&KJ©©TaB;TK:IEgT& 
Aucr>J:^ftSffix^Jl/^-CD/h3ftfi^ Ta© 
J: 5 ftaffi-^^^-©^#ftJl©ii:TtC??fit-^)C £ 
*Cft*©T?, Au4STa»I^lt»^t<. ■©*£ 

wiBKC/fti^ao^asoo^ c©*«fli©j:5frccu 

«*^LTTafiWI«*«J5atrS«5*«»*LC». Au 

(S6»«3) C©5B6W3*CM:, Ta (5nm)/Ni 
CoFe (5nm) /Au (lnm) /Cu (Inm) 
/CoFe (3nm)/Cu (2. 5nm)/CoFe 

(2. 5nm)/IrMn (7nm)/Ta (5nm) 

/c. C©XtfW*JU:/IWC*Jl,>-C v !B5fl»»Au/Cu 
JR#/rtE3hfcNi CoFe (5nm) iCoFe (3 
nm) £©S®^"C&£o 

[0443] ^RWiOthttWIiO'r. Ta (5 

nm)/NiCoFe (5nm)/CoFe (3nm) 
/Cu (2. 5nm)/CoFe (2. 5nm)/I r 
Mn (7nm)/Ta (5 nm) fiS^XfW^H 

[0444] JtlfflW©* tr^^^U^Ktt, a s - b e p 
oTMR^t?8. 6%T?ft-3fcfc©3&s, 2 5 0°CX4 
H©:/afc*7--;UfftCCtt6. 6%£#fbU #{b3s 
1*2 3%CCfciiL/Cc cn«CoFed:NiFeCr^ 
H*3fct?*4fc«>, as-bepol8f§rtt^Ji'Co 
Fe/N i FeCrSir^2/>^f«:MRtft$ 
*J^n>-5. L*>U 2 5 0 < CX4HiB©7--^Sr 
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ff9«L, CoFe/N i F eC rWB^SSCCSLtiTb 
S5 0 ChttW> MtO/cftKN i F eicC r 449* 
eKaSJ3PL//cN iFeCr -C(D*S*/c*^ Ni B1 Fe 15 

[0445]-^ ||«^<DJ;MCAu/Cu«JBI« 
€r»A-f 5CitCj:0, CoF eliN i F eC rli 
0ffi»*sjff*6ft4rc«>, MR*(t*tta s - d e p o 
SBr8. 7%X$>^tci><D&, 2 5 O'CX 4 HCD^'D 
W7--JHftTt»8. lK4MR2MbW*U<»*.& 
tifc. cn«Au/Cu#A^i:^t£t5(R5±0^j*iL 10 
C o F eliiOlllBSIWSS^T^-^a-Cfeffifc 

[0446] Au (lnm) /C u ( 1 n m ) (eft*. 

Au (0. 5nm) /Cu (0. 5nmK Cu 
(0. 5nm) /Au (0. 5nm) . Au (0. 3n 
m) /Cu (0. 3nm) /Au (0. 3nm) , Au 
(0. 3nm)/Cu (0. 3nm)/Au (0. 3n 
m) /Cu (0. 3nm) > AuCu (0. 5 n m) / 
Cu (0. 5nm) , AuCu (lnm) /Cu (0. 
5nm) , Ag (0. 5nm) /Cu (0. 5nm) , 20 
Cu (0. 5nm) /Ag (0. 5nm) , Ag (0. 
3nm)/Cu(0. 3nm) /Ag (0. 3nmK 
Ag (0. 3nm)/Cu (0. 3nm)/Ag (0. 
3nm) /Cu (0. 3nm), Pt (0. 5nm)/ 
Cu (0. 5nm) , Cu (0. 5nm) /P t (0. 
5nm), Pt (0. 5nm)/Cu (0. 5 nm) , 
Pt (0. 5nm) , Pt (0. 5nm) /Cu (0. 
5nm) /Pt (0. 5nm) /Cu (0. 5nm) , 
AuCu (0. 5-1. 5nm) 

fe, 30 
[0 44 7] ft**. m2(Om^mtLXN i FeCr* 
JBl>fcffl*ttJUT©»Dr*S. N i F eCCC r «r»flP 
-TSCilCfcoT, Ms*«T34**Ci3tc< 

C r 6C <t 4 BS^ A * © * »> * * 

-N i iF e^tbSlijlWO^oSBESaRS-C**, N 
i : Fe = 8 1 : 1 9J;9 4>4>bNi 'J * *-tcT4C £ 

JKc, NisoFe IOt NiFeNb, NiFeRhftf 40 

<J|$&#i]4) C©gafe«l4rtt* Ta (5nm) /A u 
(lnm)/Cu (lnm)/I rMn (7nm)/C 

oFe (2. 5nm)/Cu (2. 5nm)/CoFe 
(4nm)/Cu (0. 5nm)/Au (0. 5nm) 

/Cu (0. 5nm) /Ta (5nm) 8ti£<DXb*>M 

T&£„ ±JB©Cu/Au/CuJB»MRfi±Jir* 50 
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W&tt MR^k**lSj±SH*t:t,»4. Tffl'JCDAu 
/Cultt I rMn©TttW*fcfcoTt>&£HBSK:. I 
r M n ©t8T5E»«r S»C «o» #£T£MRfa_tJl-C 
$>^> e c©R0a s - d e p o t©MR^t$tt 1 0% 
T\ 2 5 0X!X4HO7--*^aOMR*ft*tt9. 5 
%X&*otc 0 Cu/AuSliAuCu^4Mlt 

[0449] C CDHife^l4 CD±flB<DT a {i«KISi"C^ 

C>. CC[>IIJIfiW4T?ttCu/Au/CulB* s MR|5l±)l 
-C*4©T\ CoFe/CuSffifcitfCu/AuM 
(tKttAuCu^MI) TJK«£ifsc3t!:&fc<Dr 

COi^tc, fie*aWil/-C*Lfc (e) * 
(d) 0«ffiiBW6^cS&4t©r*4 B 3 6tC, 
@«G[>CuJi£Co F e/Au#ffiCC#Al/Tt>£fc 
*>. Au0*att*IM (Cu) ^©fflBWttl£tt*» 
iL&iElffiftC, — H7x;U5»fi#&l>ll*/^TAu 

[045 0] ±IM©MRfi!±H£LT<Z>Au (lnm) 
/Cu (lnm) CtftilT, Au (0. 5-3nm)/ 
Cu (0. 5—3 nmK Cu (0. 5 — 3nm) /A 
u (0. 5— 3nm) /Cu (0. 5nm) 4 AuCu 
(0. 5-3nm) /Cu (0. 5 — 3nm) , Cu 
(0. 5-3nm) /AuCu (0. 5-3nm)/C 
u (0. 5-3nm), Ag (0. 5-3nm) /Cu 
(0. 5 — 3nm) , Cu (0. 5-3nm)/Ag 
(0. 5-3nm)/Cu (0. 5— 3nmK Pt 
(0. 5-3nm) /Cu (0, 5 — 3nmK Cu 
(0. 5-3nm)/Pt (0. 5 — 3nm)/Cu 
(0. 5-3nm) , PtCu (0. 5 — 3nm)/C 
u (0. 5 — 3nm), Cu (0. 5-3nm) /P t 
Cu (0. 5 — 3nm)/Cu (0. 5-3nm) 

[045 i] te<0Wf*ccoc»Ttt*ttw i oms 

t » ©5/ * > h »86**©»»«»«SIS« 1 © £ * i BI 

[045 2] S«»ttlR<DT»«:*&MR|Bl±IBB, 
»«ttKO«^lffllH*jiaW«ctf LX, fc*>C oFei 

£tf <fc5£^£*><D*C$>'& 0 tCDi^cDftttftttMRtfJ 
JJfiUT, Al-Cu, Pt-Cu. Rh-Cu, P 
d-Cu. Ir-Cu, Ag-Pt, Ag-Pd. Ag 
-Au, Au-Pt, Au-Pd, Au-AL Ru- 
Rtu Ru- I r, Ru-Pt, Ru-Cu, A g - A 
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*i£ 0 

[0453] m*(o&m&&mfcmi>tcMR\%±m£ l 

X[Z. Cu, Au v Ag> Pt, Rh, Ru, Pd, A 
K Ti, Zr, Hf **6««*i*2 0(D7C*<DaUB 

±IB6ca»3ti^MRrSl±H»tt<T:^*llt>&l^ 5 6 

-PliL/tTa5nm/AuCu2nin/l r 
Mn7nm/CoFe3nm/RuO. 9nm/CoF 
e 3 nm/Cu 3 nm/C o F e 1 nm/N i F e 5 n 
m/Ta 5 nmtt<>f#**. 

[0454] SEte, T afiBSJRtCtt*.-t, Ti, Zr, 
Cr. W, Hf. Nbft£*ffllWUi^CCOC>TfeEM3l 

(Htfe#J5) COHifcW5"C«, Ta (5nm) /Au 
Cu (2nm)/lrMn (7nm)/CoFe (2. 
5nm) /AuCu (2. 5nm)/CoFe (4n 
m)/AuCu (2nm)/Ta (5 nm) «JSOJS<K 

Ct k TWJ<DC oFei (&{b@#B) iiflOJOC o F 
e@ (ffiffiS) i(0Htcia«3n*:AuCuJl», 

[045 5] JSKttBc^X f>^tJV^BI"Ctt, Cufti 

d (i i i) #^3<tto, i«#**<aorL* 

H ~C&& £[^B$&tMRfa±Jtr£>& A u C u^H±CC 
CoFelSSSfa^aH^T^CiCcJco-r, CoFe 
ffifiBJBOf c c - d ( 1 1 1 ) ^^-S^^fcMK&fll 
&cilgT&t£#~c£, cntCctOI«SBEIl©fiBES«:<B» 
"Titian* 4. 

[045 6] £C3~C\ AuCu^6^«C^ffl4* 
IBI1T?B, C o F e Jt £CDWHT<DX t:>flc#t*SL#*C 

itfCu (0. 8nm)/AuCu (0. 8nm)/C 
u (0. 8nm) «JB«a^*«flBr*Ci-CWift-i-* 

[04 5 7] C CD J: 5 tt^H»tt*iailB-C* * iHWfcM 
RW±»CE)««B. ^«*©**WW:/WC|R6 

^> hdr^^©X^>^l/^BCC^tt*IBJB*MR|Pl 
iH^ffifflU/c^i LTli, Ta (5nm)/AuCu 
(2 nm) /I rMn (7 nm) /CoF ettttlSVIB 
(2. 5nm) /AuCu#H»tt*IB»*MR|Pl±)i 
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(2. 5nm) /CoFeffll (3nm) /Cu 
(2. 5nm) /CoF e68{t@*fi (2. 5nm)/ 
I rMn (7 nm) /Ta (5 nm) flijirtWf 6*1 

a*©^tf>/<;l/^BI6C#»tt*n»*MRrtI±li 
*«fflUfcWtltlt Ta (5nm)/AuCu (2 
nm) /C o F e (4 nm) /Cu (0. 8nm)/A 
uCu (0. 8 nm) /Cu (0. 8nm)/CoFe 
(2. 5 n m) / I rMn (7nm) /Ta (5nm) 

10 [045 8] tt*s, K«»jt<Z>X ^WfmteJWf 
^TjUby > h *^^ , ©^fcr>^;i'^ r Bt«:fec»T 1 r 
Mn ft £CDH5SttttK©T*fii btffll^cA u Cul© 
SSS&ftcJ:?). CoF effifiSRKDf c c - d ( 1 1 

ibjik: w-ttwa c u 4 c <t #r s s. 

[04 5 9] JSK«i&<D^ b'^/^l/^RteiCJf^aT^ 

&i, Ta (5nm)/Au (lnm)/Cu (lnm) 
/ I rMn (7 nm) /C o F e (2. 5 nm) /Ru 
20 (0. 9 nm) /C o F e (3 nm) /Cu (3 nm) 
/CoFe (4nm) /Ta (5nm) . Ta (5n 
m) /Au (lnm) /C u (lnm) 1 rMn (7 n 
m) /C o F e (2. 5 n m) /Cu (3 n m) /C o 
F e (4nm) /Ta (5 nm) , Ta (5nm) /A 
u (lnm) /Cu (lnm) / I rMn (7nm) / 
CoFe (2. 5nm)/Ru (0. 9nm)/CoF 
e (3nm) /Cu (3nm) /CoF e (2nm) / 
N i F e (2 nm) /Ta (5nm) , Ta (5 nm) 
/Au ( 1 nm) /Cu ( 1 nm) / I rMn (7n 
30 m) /CoFe (2. 5 n m) /C u ( 3 n m) /C o 
F e (2 nm) /N i F e (2 nm) /Ta (5 n 
m) . T a (5 nm) /Au ( 1 nm) /Cu (In 
m) / I rMn (7nm) /CoFe (3nm) /Cu 
(3nm)/CoFe (3nm)/C.u (2nm)/C 
oFe (3nm)/I rMn (7nm) /Ta ( 5 n 
m) % Ta (5 nm) /A u (lnm) /Cu ( 1 n 
m) / I rMn (7nm) /CoFe (3nm) /Cu 
(3nm)/CoFe ( 1 n m) /N i F e. ( 2 nm) 
/CoFe (lnm)/Cu (3nm)/CoFe (3 
40 nm) /I rMn (7nm) /Ta <5nm) , Ta 
(5nm) /Au (lnm) /Cu ( 1 nm) / I rM 
n (7nm)/CoFe (2. 5nm)/Ru (0. 9 
nm) /C o F e ( 3 nm) /Cu ( 3 nm) /C o F 
e (3nm)/Cu (3nm)/CoFe (3nm)/ 
Ru (0. 9nm)/CoFe (2. 5nm)/IrM 
n (7nm) /Ta (5nm) , Ta (5nm) /Au 
(lnm) /Cu (lnm)/IrMn (7nm)/C 
oFe (2. 5nm) /Ru (0. 9nm)/CoFe 
(3nm) /Cu (3nm)/CoFe (lnm)/N 
50 i F e ( 2 nm) /C oFe (lnm)/Cu (3n 
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m) /CoFe (3nm)/Ru (0. 9nm)/Co 
Fe (2 . 5nm)/IrMn (7nm) /Ta (5 n 
m) &4**«*W6tia. IfilfcAu/CuTWcfti 

[0460] <6©«f jfiflli ITtt, S«Aa(5nm)/Irtfri 
C7nm)/CoFeC2 . 5nm)/Ru(0.9nm)/CoFe(3nm)/Cu(3nm)/CoFe 
C2 . 5rmi)/MRfa±ll/CoFe(2 .5nm)/Cu(3nm)/CoFe(3nm)/R 
u(0 . 9rcn) /CoFe(2 . 5nm) /I rMn (7nm) /Ta( 5nm)#^tf 6 tl 
£ D COiSr«C o F e/MRl^il/C o F e*57 

[046 1 ] ±aL/fc*SB»W^BR*«tt«l«: 
I rMn*flBfflL/ft:«lK:#^-ClttlBL/fc*s, N i Mn, 
PtMn, PdPtMn, Ru RhMn, CrMn, N 

[04 6 2] ±3*<0J:5K:»fbH»JiK:«^« 

CoFe/Ru/CoFe/1 rMn, £><fc5aS&$ 
&Xy7V># (Ru^UCoF eH±©K3afiBEtt 
a £&mi<>?cX fc'W^^tCfc^T 

[04 6 3] C CDtM£ > *pa)B**5B?B©MR|nl±Jii 
t^Ci^^ maCoFe (2. 5nm)/A 
uCu ( 1 nm) /CoF e (2nm) /I rMn (S 
5S8»tt*f ^y^^) . I rMn/CoFe (2nm) 
/AuCu (lnm)/CoFe (2nm) (KSUffitt 
>£0 a<frc*9. ^cCoFe ( 1 nm) / 
AuCu (0. 5nm) /CoFe (2nm)/IrM 
n <7nm) ©J^fc* 5SSBtt# v 7 y > ^^iSffl-T & 

Bail*. WWO!^)B*^fiM*WK:IS^3*, 

*3c3Etcff%, ^fc*>^Vl/^Mcc>Wf^ttfccfcC>'MR^tt 
£[qJ±3#&fc©~C&<£ 0 C©<fc 5a*§-£©MRr°Lbfg 
©RJIttO. 5^2nm©«H£'T*C£**»*bl> 0 

©— W£LT\ <»Bl<k*>y3>atR/Ta (5nm) / 
Au (lnm) /Cu (lnm)/CoFe (3nm) 
/Cu (3nm) /CoF e (2nm)/I rMn (7 
nm) /Ta (5nm) cD«}jg*, BrlTEMif^ 

hg«, snKoi/i*ifii4to«a 

*J£**i6J:5a**3£Lfc. J:9«»clB'<*fctf> 

3 >-cfe*s**>at>. 
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[0464] "f =7 Zz/a W*£ — >#>6, 1 umfej 
±©««6C to/c o X ±X « f£fl«3S©lslJr' * * - 

TaTtife, «K«*l»<f6ttWif cc (1 1 

i) Efiii/Tc^4. isi8T^*->r4i'C\«s*>e>*aR© 

gTSa 4, b#JI*./c 0 Ctitt, I rMn 4 
CoFe/Cu/CoFe i"C«f c c (lll)X^ 
-^>y©**3#Sa4rt»6*ra4. tt^lftSrJlXfc 
#»KS*H=»a f c c ( 1 1 1 ) |B|pI^*TC»SC 4 

[0 46 5] C©J:3fc*»»Kac>»»*. MR»fc 

ttSLoKB t a 4*gft ttw^a t ^ o a < a s © 

t\ «-?-c[)^astfgfeft<ao, MRHt$©ifi» 

20 c«>J:5a*IS»ccifii*«jft*, lfi(b'J3> t 

AlTiCiiiOT^^rXAlO: B±-t»* ^© 

[0466] C©IIS&Wt*5tt & A u ©TttOT a ttift 
TltTatft<tfcJ:C>ft fBJ&^OTtt'** 7 tB 
tJ^Sr ft £ e A u £B&flMMt£<' y ^ >S«±KJ&© 
30 Ltfc, *»?B©J:5a#ISiiK:ific»ttlitlljS<D«B» 
^tiaOc TaHJW^i^m Ti,f t Zr, 
Mo, Hf ***ie>*«tr££a £*JBlr>* Ci#t> 
-S„ Ta/Au/CuT»IR©a^«:it TaiAutt 

[0467 ] i/c, Ta/Au/CuOJ:5aT»IB« 

jffirfc^tta^^^ajiSfiftiiET^tcai*^**. ccd 

feAu3WfiSIR3ti4i*CCCu±K:-e©« 

o/c**Jssfi , r*© , t?tta<, t»£ a 

oT*IS»Wattt*fiW4. C©«fc5a«»tt. Ta 

(5nm)/Cu (2nm)/CoFe (4nm)/C 
u (3nm) /CoFe (2nm)/IrMn(7n 
m) /Ta <5nm) ©<fc5K, «ltcTa/CuT» 
Tttf#6nac». 
[046 8] S»«:||3EHr*ftC!)«Jfi4:br«, UttM 
l©4*iH«K, «tt»3»Co»OWDai^ Al- 
50 Cu, Pt-Cu, Rh-Cu, Pd-Cu, I r-C 
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u, Ag-Pt, Ag-Pd, Ag-Au, Au-P 

t, Au-Pd, Au-A\<Dmmm*M*&£mtfi& 

©IR(D«^ Au-Pt, Au-Pd, Au-Ag, A 
u-AK Ag-Pt. Ag-Pd, Ru-Rh, Ru 

- 1 r , r u - p t (om^io^ommm. a&roc t* 

Au-Cu, Ag-Pts Au-Pd, Au-Ag, P 

fc, Ru-Cu, Ag-Cu©J:5&»#£*>#G>«B 

[0469] ffeCD^BiOT, Ta/Cu/Au/Cu 
Tflt Ta/Pt/CuTflt Ta/Cu/PtTifi, 
Ta/Rh/Cum Ta/Cu/Rhm TA/ 
Pd/CuTi, Ta/Cu/PdTMiW6n 
& e cti60*f*4"CTatt£:©^v7TH±©«BlHl» 
**B«>0T<>J;t,». Sfc/TaOftbOICTi, Z 
r, Mo, Hf ^ne^^i^ffll^ti^ 
f c ciHB(MKNlVt> h»»tcJ:5MR 

0 yi&*s - K BOffi3K*s±» b #»<D'i>I2 

[047 0] S/c, ±iBflOJ:5tt^*»«ET*f c c 
^KO«B«Cc«Ar. f c c£ffMT£iiui£Offl^ 

tf6ft&o tecctt, cu©ftboecN i i<o^-r#a 

ttOf cc64iL/t, PtNi^(Pt26at% 
£9<>P t U **#»*UtO * RhNi^i, PdN 

«ai##Sl,lO lrNi^(Irl2at%J:H 

i r y^fWSbto fc£***tfe>fts. cti6©^ 

^©Jft&tCtTa^sr^yOf^toOCCT i , W, Zr, 
Mo, Hfttti%&&t*G£kl3:£&m\i>Z>££&-C% 
£ 0 *fc t f c c^*©WBJbEOJMW©»^i 
IB«Cc2^5nmHK#Wf*lA>. »ttfic*&£KJ: 9 

[047 1 ] ±j$U/c<fc 5 i OTtt. T 

a ( 5 nm) /P t ( 1 nm) /Cu ( 1 nm) /Co 
Fe (2~8nm)/Cu (3nm)/CoFe (2. 
5 n m> / I r Mn (Tnm) /Ta (5nm) , Ta 

(5nm)/PtCu (2nm)/CoFe (2-8n 
m) /Cu (3nm)/CoFe (2. 5nm)/I r 
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Mn (7 nm) /Ta (5 nm) . Ta (5nm) /A 
u ( 1 nm) /Cu ( 1 nm) / I rMn (7nm) / erv. 
C o F e (3 n m) /Ru ( 1 nm) /C o F e (3 n 
m) /Cu (3nm)/CoFe <lnm)/NiFe 
(5nm)/Ta (5 nmK Ta (5nm)/Au 
( 1 nm) /Cu ( 1 nm) / I rMn (7nm)/C 
oFe (2. 5nm)/Cu (3nm)/CoFe (1 
nm)/NiFe (5nm)/Ta (5nmK Ta 
(5 nm) /Au ( 1 nm) /Cu ( 1 nm) / I r M 
10 n (7nm) /CoF e (3nm) /Ru ( 1 nm) / 
CoFe (3nm)/Cu (3nm)/CoFe (4n 
m) /Ta (5 nm) , Ta (5 nm) /A u ( 1 n 
m) /Cu < 1 nm) / I rMn (7nm)/CoFe 
(3nm)/Ru (lnm)/CoFe (3nm)/C 
u (3nm) /CoF e (4nm) /Cu (3nm) / 
CoFe (3nm)/Ru (lnm)/CoFe (3n 
m) / I rMn (7 nm) /Ta (5 nm) , Ta (5 
nm) /AuCu (2 nm) / I rMn (7 nm) /C 
o F e (3 nm) /Ru ( 1 n m) /C o F e ( 3 n 
20 m) /Cu <3nm) /C oF e (4nm) /Cu (3 
nm)/CoFe (3nm)/Ru (lnm)/CoF 
e (3nm) / I rMn (7nm) /Ta (5nm) ft 

<lllfcW7) cn*-C<D<t5&MR|fi!±B»H4 9<0J: 

C o *4tWR* N i Sr^tf IS© <fc 5 fc&ttB 7 1 i , * 
?8Bt4B7 2 toaWBtttt^tf ■) felK ft 

tirTMR!Sj±B7 3SrEBS-t*S. AttWftWftQ** 
30 ^»|B»«l©4*tt<!f<fc^<ra«"C*S. 

[04 7 2] fiLL *#«ft#J»boo#»IB(0» 1 - 

B, cti6<0*(««l«:lH5e3n**>©^Ba:^. 
[04 7 3 ] 05 0—05 2B, 6 

a £ ^.mm **r «msw * & . 

[04 74 ] Tft*>%. H5 0B, ABS (x7-^7 
Wffi*S%-rt>©"C*0* 05 IB, 

40 [0 4 7 5 ] TJl/^^Sgl OtcT^-J^Fl 1 <N 
i F e, C o3R7 J tA''7 7>*»tt^fc, FeAlSi^ 
£ft<2:, : 0. 5 — 3 <xnu NiFe^FeAl S 

CO . T^+v^Rl 2 <rJl/5*-4>«ffcTJV5«Cif) 

^fcTWtjU:/*?- 1 3 B* fcTWW^IR 1 4 £— *KE>*K 
'<-f7*JRl SiJJ:^— *t<3[>«Sl-6*>6fllJiS3ti*. 
^t*>;^^iU(t HSB«4«:>SL/fc#hASa©S 
50 Va>6»j££n& 0 Ttttofc* Ta, Nb, Zr, Hf 
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*<D#»14TttB 1 4 1 (JW> : l-10nm) , *ftB 
ttt&DTRu^N i F eC r tt£<0»2OTiW 1 4 2 
<W*:0. 5-5 nm) , S§$«1£JI 1 4 3, 

144, #s&t£*^-^ 145, ^ —ii 146, isn 
»e«Jil4 7. #skf&i;t«KIR1 4 8 (0. 5- 

lOnm) 3aa6«ISR3n4. *<D±fc±4 r + 7 
(T^S^SfbT^Stt^) s ±'>-^K18 (Ni 
Fe t CoS7W7 7 Xffl4^ FeAlSi^ 
&<h\/t^:0, 5 — 3 meq > #»JJ3E3 4a4. 

t'>^*Jl/^3R-¥-l 3fc*, Xty^V^Kl 4<Dh7^ 

£ 0 -Y T 1 5 OCKCltttttflt ( C r . F e C o 
Sc ©"FJftO-hCCJKJiK Ufc C oPt^CoPtCr^: 

£> «c>»?j8ai4B 1 5 1 tjxjsm&mi 5 2^»xffl 

SSSSattR 1 5 2*flElllUT^6c?afiBEttK 1 5 1 Srf&fli 

JWL Ms*t (^AVT^)/Ms*t (7»J->*7 

5 n mJWWT (ttSWWt : 5 n mTKT) fc*T?f*< 
ttii, Ms*t (*^7^)/Ms*t 

s 5 «^-Yr^*«tt»«>^«cw 

<tt& («aUi*H:"C2 5nmTetT> . 
[047 6 ] —IMC. W«tt«r»IW#»< tt* <h 

ut^ i*ci w&im t & co-c , 
sssaffl® i 5 i /K&s&ttis 1 5 2 * a wmmr* 

»#SSKIA\, &56ffl^l 5 l/R5»SBte«l 

5 2©ttAW7*JfrCtt, §S^ttJll 5 lQttfDfi&fbl* 

i F e^ttgC^iCo F e o *©<fc QISfflfiMb 
5 1 ftfflliT*OW»*B*«:J: D«JI8ff**»tBH 

[047 7] ^ H5 0TttXf>/<;I/^lRl 4%± 

/W7*»fc#rtUfc»£*fi*l,fc** % TttJB 14 1$ 
Ti^>^Lt^. S&fi&ttJIl 4 3*2Sb 
T*©±CC»rC-fy;iJll 5 4»JiSTS 7*JB 
4* t>/^l/^J«i<0««flW!«36«ft< tt4ffljgE*«T 
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4o SSI 6»M7^I1 5(DW»41Kfe*tA»— 

3*«T-* 'J ? ft**. S?SB»14jao±<Dfcr 

>H 1 4 4tt^^C|»*0T:*CD±*C«^^TX)B«rJK 

>B14 4<DS8<bi*K^-frxJil 5 ©»ib<D*|PlB« 

4 4*<d±<z>*k>*-y rxm 1 5 i©aatBs^ffloc <t 0 

10 (K^^rxJH©Wb3&s^3EtCtt4/cift'C*4 0 *l» 

Mill 4 7 ir«x9^>yi»*L/r7 y-» 

[0 47 8 ] a/c, *£Stt^#<D/ctf>CC, A^»S»fiS 
14» 1 4 3 iH^T^B 1 5 4 ©KfttS* 
fttc. 5£et$H 1 5 1 ©TCCTttB 1 4 2 4ia&gfttt» 

r fco^v r *»s** wsatc -7 y -Jitc an*. 4 

fc»K:; TflW 1 5 3 1 0 n m«T#M£ O 

a^owttfnB^b^ y -■ccEE»-rswi!iw»fbw« 

[0 47 9] *C"C. ®W$t4M<DTttilKF eC oO<t 
^ o F eCCEE«T**WP«<b©T»*»0»T7 "J 
Hi 4©ttW»fb©'*^ >**«"^C 4fl 5 , >h3 ftfiS^' 
30 ^TX^TBHN$:^-r4CDtC®*r4o K&Stt^ 
l 5 2*ctt^t*>^l/^IRK:fflCi/cfe©4l5aasaSi8 

[0 4 8 0] ^fcT>^^U^©JS5SBBEttHi*E^< 
>frx/icr)js?sattKi 5 2<oSfc*/<-ir^*iRittBaE 

1 5 2©sa»/<-f r h ^ ^ 

ffi) . 

[0 4 8 1 ] *Ct, Mill jaS^OJS?fiBStt)SO^ci 
40 * * > ^SST b ^r^^T , iMTJtcSST b MOStttttt 

S»^-f TXK J: 0 @«3 ftfc*«tt»oafl*fiJ#3S 
C4CCJ:0, W^»ttlB©SE*^^-rTX©HSS{b*«S 

mv$2> 0 %5k®&m i 5 2o«»^-fr^ft4«:», 

m^f&m ( I rMn, RhMntti**flHt>*) 
8P»JSRCC*yW4 2 0 0-2 5 0TOU^ h + ^r-Si 
jailgfPtMn, PdPtMn. IrMnftM 
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5S»tt«K:«*nJ:0Tb*SiSc>S»aB»BI (I rM 
n. PtMn. PdPtMn?) *:flH>*£* l>VXh 

[048 2] se*©#Htr>H^b->/^l/^TttS8fi» 

* * > #m&<o&c at e >n«f b<o 

b^r-ag (2 00-2 5 0t) raflWb* 

[0 4 8 3] 1S1 6(DP^PiLD«, Ml^-f T*»©IH 

( 1 0Gb p s i fiLb) TWO. 1—0, 7 umCDI^^ 
5^a>«ift4. — HMDttLDiOfctJi* 
0. 3^1 MmlCabSCitcJ:^, »h^^^*B^*>^ 

*E>tC, HD (Sffll) >L Dl^HMD>HD<b1"?>C 

Sift*. SR^fttHDKO. 4tfmBK*s 

iESD^i^i^K, *«IHW*0. 4 /-unfit 
T*c»W)fc»h9 9^(IW*r«^- KMBMHMD* 
0. 8/um^KEtf4C£#2*lA>. 
[0 4 8 4] H5 0tc4BC»T7 »J -JB ± 

Wfi^g p<t-r€)<L, 7y-H«:ttjt>s*i*KWHc u 

crc\ 7 y -HBT^-^ F;fr &©»*»©l»*3fi< S 
w . & fcE.o*fe > * «i«fl[>ien £ *<&3&*#i8te;* ^ - * y* 

1 4 5ffljrc*¥aETS<D"C7 y-JBCCttHz>*«8HKff# 

£8Wfc#f»e>ft5o ftftWCCtt, gp!J3 5-80n 
m, g f t*2 5-5 0 nmiUT g f <g P it^i, 

:/gfc6 0-1 3 0 nm©*^^**^****^* 
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no 

[ 0 4 8 5 ] H5 2t*. HI *>H5ttiffc:WK*lyft: r * 
-TWO* tT>^^l/^RK:ia"j"4^^ KO— ^iSBftl&Tj^ 

^t^'il 2±JC»J«3ti«jaT*4. 3 6Ct\ 7'J 
10 7y-B»TS/-JUK3EP6©BBE»<Da5««:Sji<*W, ft 

WJocfffi-rstor^ y-iBcctt-b>^«i«aEW*iSi«ti» 
cfct)^#&-b>x«ift**faAT 

Wtctt, gpC*35 — 80nm. gf»2 5-50nm 
iltgf<gpitSi, ***:7©»ii14fc«oT 
20 ftfeflo h ^fit>6 0—130 nmCD 

[048 6] *^CCj:SBB««fiJa«R^©il 

[ 0 4 8 7 ] 0 5 3 tt, ^^BfrC-Jc&SttafiJSSIlftiR^ 
4ffll>/c«*^* FOWrWctsWSt^EDXjWf© 
8*4^^70^*4. frffiTEM (tran 

smission electron microscopy) SS^fflC*-y*>7";U?rf J ? 
IIU. -ecoKBfffitc^bTiES^l nm(3)tf-A» 

J:tf*»««:J: awratMk^iBWftaa*^* c tie 

ffi, fcJ:iy7y-IBiSWBtt**WB<OCui©»ffltt 
[048 8] R»Kffi©S»i L.T«, ^fH<7)Ji«:«RS; 

IOC u tCOCiTB-> * - t: - £ a/c»H/iS:a5E 
40 L"£fl><Dt\ 7 y-JH<30K/S«±TOCulltc**n 

tCutt2. 4nm, #ttttiK9SIR«2 n m 4*3! 
0, *cDM^OCutcS^snfc7 y-H©h-*^IR» 
«4. 1 nm£T*C4#r*S. C<D7 yHMOTtt 
Bfa©7 y-HJR*3. 7 nm*««f|3Bb/tfiit?* 

50 [048 9] 
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[049 1 ]*fc, *»WKJ:titf, W»bfc#2 71S 

*sWSttf^B#tc8B»^y F<Z>fflB»*W2.2 0 0"CSI«T 
jWB««tfiS^^? F©GMR3RT-te*AL-c4>fflMbB 

[049 2] #*9itcJ:tt«. iWa* U/c Iff 7 <£> 

mc, *mHt*J»»K:J:DMR»b*<0fii±*ia*ci 
#s-c*S. ^ y-B^Wl^W^Kij^TB, MR 

wi±Bi7 y-B©»B*S5eawnK:r sct^-c* 

OT*MRfi±B<c<fc9ffi»8fbLfc!>, SftJ&fHMI 
[049 3] J&l±W2L//cJ:5CC. *«IB«:J:ti«, Si 

[El 2 ] ^RW^^V^^^IRKlfcl^TAfetia h 7 
[133] 7 »J-B6CfilL/TC*S^^— 9-tWS*HWOiS 

«bbc u©aJ5cc*hr*7 »; -BtcjrobssaifiBtWH 

« u <0BB««:*"r ^5 7 0"C* * . 
[04] TisJ'h 'J**- 1 0%-+ 1 0%, 

47x-#4i<>Y 3 o%-5 o%^llig-r^/c^©-»-fe 

[0 5] *^(D-||ifi^J(D^ffit;L^^T-CD^i*W 

[06] *»^<o— *lftWoc*^4^fcr>/^i/^BMllRS 
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[07] ^(ommmm^^tm-th 2 oobm 

^ -r £ /ctfXDHJf&B-C* s • 
[0 8] tW±<D'Wrx#-f > htt^? F<DW£fs 
#«»©Bff«:5«" £^ ? Br* 4. 

[09] s»»©B«*«-rttiiiBr»*. 

[010] «B&%ft&ttift&ft 1 1 s **r«AH 

r#>£„ 

[011] hb«W«:teW*^^7^#^> b<Dt£&££SI 
10 TUfflt^ao 

[012] h7^7T-*-^WfeiiOH 1fl , H 

[013] tb«W«:teW&J*-r7*3iW > KDifcJES* 

[0 14] tb«WI«:teW4^VT^#-Y>h©*£»* 
©M»«:*-r«AB"C*4. 
[015] stb«WO^tr>^^^iBi*»WK:cfcS^ 

20 ttKL/OO^Lfcy^Br**. 

[01 6] hb««i— 4oaiJfioc*y(r*r. ^y-KDM 

s » t t£Vf&b$ < L/fcHSCCMR^fb^fOJ: 5 CC* 
{b^£^£*bfc^^Br#)&o 
[017] *»lli©aE««!fflB*-^y FO-XWfctt* 

-svrBr**. 

[018] jl-SBWHteWTa* b*>^';U^<DJStSffilcD 

[019] S«^-fTX»#|i«r#Afc»^©lijiieni 
ISa^bH^BOfiBE^bOttl^fttti^Hft^^fH- 
30 [02 0] S»«9tl©*«ffi*»6©i»fifc:-- ©o 

[021] «»is^Btc; Ru$:mi,>?cm&<Dmmm'& 

OR u»i^W^^fiTK6©H«*«B»fbJt 

Mr /Ms &c£or^Urt:0r#>& o 

[02 2] xt->^^u^B©awtc*f-r*ffifs«o^b 

[02 3] 8*«ttBA45lt«ttBB©B»*»ac6*4 

c£cc<fcr>r* awccAssjsaib^taa'raci*^ 
-T0r*& o 

40 [02 4] Xf>/^^3R-T-Cct *-^>#7*-f -tf'JU 
0r#>£o 

[02 5] Xt>;^JR?(cta- , 7>#? ! ^ -tf^U 
0T$>£o 

[02 6] ^tr>/^Ji/^* : fc![)iia»l»4^1'B"C* 

[027] *ftwomimv&m^v f©«s<z>— 

JBSSWiarai. 
50 [02 8 ] *JftW©BB«aCBtt*-N ? F©S fcteffeCD- 
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102 9 1 ^m^mfrnxm^-y f©<* e-Kffe©- 
[030] ^wottaiffitfa**^' fo36«:*o- 

[03 1] =WJII©«flW«tfi»*^» F©3 6CCffe©- 

[032] *^B^©®mJStn5Stim»^©® 1 ©HiSff^ 
©gSBfifjt &t*T Wffi^-C & i> . 
[03 3 ] 03 2fc^TOBS«lfBB^^©^W*** 

[0 3 4 ] 0 3 2 KjSr»««58Bl*3B^-©te^O^W 

[03 5] fi£3fc©* t>/-tjU^|g©S»yp-te^{cJ:4M 

[03 6] ^WK/AIISiWffl-CfllBISWaMWH*^^ 

[03 7] ^^©^^Sj&gfc.fcD^ftiJrrSG 
MR)g©7^;U5jKS©i:bilSgWftKec £©M{fc©— 

[03 8] Au (Ag) /CuftWC&M%M*:&Z-ir 

[03 9 ] 03 aKitlMfiJnW^©^ 6«cfl&© 
[04 0 ] 03 9«C^-rfi8^,JStriS&m*-7-©^WI*^ 

[04 1 ] ^is^©®^!^**^©^©*^® 
©eaw»js=&^-r»rffist?*4. 
[04 2]04i KwraaajscBtt*** ©S9P«*w 

f»iffi0T?$>£. 

[04 3 ] ^laoffliMtseBaiiftSR^osao*!*^® 
©^SBts j§ *^-r Wffi0-c $> e . 

Bt3!fi£M^ ? F©f8 1 ©HiK&fl&©1IH&*5*TWrffl0"C 

[04 5 ] **w©stta»a»BWs^4a«L/fc»p*» 

SISffiBSi^ i- K ©IB 2 ©HJ6J&JB©»it4 jnf»rffi0 T 
[04 6] ^IBCliW^lStSlStSv^ ? F4*fiflJL/cfiB 

[04 7 ] ;fc#feHJ!CDiiilS#8t^S&£t-^ f Ffcitffl L/fc!8 
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[04 8 ] *»W©HftW 1 -cfPSlOfc* f>^';i/^S 
©X R D A 0-C&S. 

[049] ^^©aa^JBSMBR^tAxtw-wca 

[050] ABS (iT-^r^^-t-^j-X) 

s. 

[05 1] *> 9 ^t'-;!' KR4BSIr>fcX fcf 

10 [0 5 2 ] 0 1 ^0 5 & iftcW^ Ltc h 7 •7'^!©^ f > 
rCiU^fcfflT*^* F©— HJfiWISr^^WtJ&EI'C* 

[053] ^wK«fc*&&st*&**^*ffi^fc«s^<- 

F©ISBfBB{CfeW Jt-'ED X»*f©te*%^ 

1 SSi&JB 

2 mmmm 

3 *S6tt*K)l 
20 4 MRroJ-kJ! 

4a. 4 b &mm 

4 c 

5 im&rmm 

6 K3£BB14Ji 

7 #SJ1 

8 XtfWW^fflt 
10 

11. 18 ->-JU F 

12. 17 ^? 7'® 
30 1 3 *tr>/-?.iu:/S^ 

14 ^t*>A;l/^S 

1 5 s^-wrxie 

1 6 

141. 142 mt&run 

143 

1 4 4 HKtlBM 
1 4 5 tt»|fflH 

146 mits&m 

1 4 7 &HR 

40 151 ®.®&m 

1 5 2 SMttttK 
1 5 3 TttJH 
144 1 3*GBt4IIB 
1 44 2 ®M.&&m 
1 44 3 &SB1*feHA 
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[04] 




^y^T-^ ^{K^«act^m(pin1)^(pln2)(NiFe«0n[nm] 



[16] 




[010] 


±m 




1 




-* 
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1 3 



1 1 ] 



p Hcu 



ittt«1 (Spin-Filter tt L X / -7^ £ »<0/<>f :T*#<<> h 



(60) 
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v[v] 



Vtv3 




-2H B - 



(b> 7 1**36 



A 



2H s 



! 1 



[B8] 




12] 




VHcu 

2Hs 



Hshifl — Hin+Hpin-Hcu 
(Sfcli+Hcu) 



HCU, 




Hpln 



ttlfcfcl2 (Spin-Filter* U X > -7 Jlf t » «DvW 7 3Ul*-f > h 
( HpinJtf *# < Hcutt/J* 3 1 ^bj>. It \ 



13] 




7U-fl0WMI* 

H 



( 



• 7UHBtfJViiJMEj| 



(61) 



1$g32 0 0 0- 1 3.7 906 



[014] 



1 8] 




Hcuy^fcr b.p. 
V? Hpln 



Hua* 



132] 



[015] 




MRheight 
V&t&W 0.3mm 
ttttfth 0.5mm 
ifct^|2(Cu 2nm) 0.3mm 
tttt(9!2<Cu 2nm) 0.5mm 
tttWH3 0.3mm 
Jtlft«3 0.5mm 
-ItaMSfcCHpint.HcuA) 0.3mm 
-tt*tOM(Hpint.Hcui) 0.5mm 
— itraMCHpint.HcuT) asmm 
tt*W*4(Hpmt,HcuT) asmm 

*»*3<*»»!l1>a5mm 
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[031] [H37] 




[040] [141] 




[042] [043] 
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(67) ^2 0 0 0- 1 3 7 9 0 6 

[05 0 ] 
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i&mmwn <®Pt&mi 7&©2©»£K:j:£tiiE©i§i£ 

[^fH] ¥f& 13 1£4 ^ 1 30 (2001. 4. 13) 

[&P8§#] ^2 000-137906 (P 2000-137906 A) 
[SPSS] TfiSl 2^5^1 60 (2000. 5. 1 6) 

&H»flF&« 12-1380 

ttM¥ 1 1 -97 0 7 2 

A61K 31/195 
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W±4. 5 nmJ^Tr*&C££^m£T&t»*^l-' 

[HWBB 6 ] mflE^ 1 <D5£®ttf*Jf tt> ^ ^ * JMft ( N 
iFe) SStf^Hi^^Uh (Co) £^t*@£<E> 

[«3K«7 ] fllBm 1 <D»»ttWBtt. F& (C 

oFe) fc^^&IB^^ftiCiiWilEiTSW*^ 

1 - 5 cr>^-rn^ 1 oKEttcDfiasascija***. 

[W3PI8] »I^W«tt**«IBtt. «(Cu) t 4 

(Au) , II (Ag) . ;Ut^^?A (Ru) , A 
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ccEttoiaaffisaaiiMR^. 
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M®^? F3 l 0TffllB8t»ttSHI. ±W»*5/-.M'F» 
2 9 4*ifi©aai4IBKJ;»)«)lS3n-C0»4. 5^-^KS2 
GMR-^ » F 3 0©±«B»«^-^ FJB2 9 B, MK« 
F3 l©T*e»BB**MaT:i,»S. C©_hM» 
*t/-Jl/ F»*«ta4TMBB»«*2 9±tCI*. A 1 O 

, nE<Dim&wm&frtth%mm§L*f* ? ^3 2 
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[044 1] ±IBL/fc*5ttttT»Ji»T a ft 2©&jffK 
tcHfe-J'. WtfTaO. ©J:5&M{bR*ttfflr*C 

TaKKitTaO, T»4flH>ft:*§£«: 
fc. |SI«tcS*?aja** J ^6nfc 0 MRGLh 

Ta O, TJfi/MRfaJJBI*ffl - rK9*Sti'£>C£**-C 
S. MR^-fb^SfeKH^iS-^-SCi^-r?**. fc/c 
L. T a O, TifeH-Bcjt&C o F e *1$M1rZ> £ f 

cc(in) fieiaju^ofco. ttcmmttoicmtL 

l>f c c - d ( 1 1 1 ) S^yttfffctlfrl*. C 

tlKMl-TTaO, /Au/CuTti«*ffltttcfinS 
fc©T$)S. TaO, KKi-CT i , Zr, Cr, W. 
Hf. Nb&i'OiTOffil^Ciittl., 
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